t.  D 


DRAFT 

STORMWATER  MANAGEMENT 
GUIDELINES 

for  the 

Province  of  Alberta 


« I 


/dibcrra 

ENVIRONMENTAL  PROTECTION 


April  1997 


Standards  and  Guidelines  Branch 
Environmental  Assessment  Division 
Environmental  Regulatory  Service 


Pub.  No. 
ISBN: 


T/378 

0-7732-5149-9 


More  information  regarding  the  Stormwater  Management  Guidelines  for  the  Province  of  Alberta 
may  be  obtained  by  contacting: 

Standards  and  Guidelines  Branch 
Alberta  Environmental  Protection 
6“*  Floor,  9820  - 106  Street 
Edmonton,  Alberta  T5K2J6 

Phone:  (403)427-6102  \ I 


Additional  copies  of  the  Stormwater  Management  Guidelines  tbr  the  Province  of  Alberta  may  be 
obtained  by  contacting: 

Regulatory  Approvals  Centre  ^ 

Alberta  Environmental  Protection 
Main  Floor,  9820  - 106  Street 
Edmonton,  Alberta  T5K2J6 
Phone:  (403)  427-6311 


Preface 


In  1987  the  Standards  and  Approvals  Division  of  Alberta  Environmental  Protection  prepared  the 
"Stormwater  Management  Guidelines  for  the  Province  of  Alberta".  These  guidelines  formed  the 
basis  for  stormwater  management  in  the  province.  Since  1987,  stormwater  management  has 
taken  some  advances,  particularly  in  terms  of  water  quality.  These  guidelines  are  an  update  of 
the  1987  document  and,  like  the  previous  version,  are  intended  to  help  municipalities,  local 
authorities,  consulting  engineers,  and  developers  in  the  planning  and  design  of  stormwater 
management  systems  in  Alberta.  They  outline  the  objectives  of  stormwater  management  and  the 
available  methodologies  and  concepts  for  the  planning,  design,  and  operation  of  stormwater 
drainage  systems.  In  addition  to  the  water  quantity  aspects  of  stormwater  management,  the 
publication  also  describes  some  of  the  techniques  that  can  be  applied  for  quality  management  of 
stormwater. 


It  is  important  that  these  guidelines  be  viewed  as  a tool  to  assist  in  making  decisions  and  not  as 
a rulebook  for  stormwater  management  solutions.  The  designer  is  soll^^fesponsible  for  decisions 
made  with  respect  to  stormwater  management  for  any  given  site.  " \ | 


Although  the  guidelines  provide  practical  and  specifiq^=^fuidance  there  must  be  flexibility  to 
account  for  site  specific  conditions.  Stormwater  managi^^t  solutions  are  site  specific  and  this 
must  be  recognized  when  applying  the  guidance  whicfi  1^.  provided  in  this  document.  Site- 
specific  conditions  and  characteristics  will  govern  over  the  guidance  provided  in  these  guidelines. 


No  single  stormwater  management  technique,  can  be  universally  recommended.  In  many 
instances  combinations  of  stormwater  manage^e%  techniques  will  be  required  to  address  a range 
of  concerns.  There  is  limited  experience  wit^j:ilme  types  of  techniques  in  Alberta,  especially 
those  involving  infiltration  or  wetland  techniques.  However,  their  use  is  encouraged.  In  light 
of  the  limited  experience  with  t^^  facilities  in  Alberta,  recurring  evaluation  of  their  hydrologic 
and  pollutant  control  performlii^e  is  necessary. 


Ongoing  maintenjMice,  and  in  some  cases,  periodic  replacement,  of  stormwater  management 


facilities  is  extreme 
of  failure. 


important  to  ensure  effectiveness.  Lack  of  maintenance  is  a primary  cause 


iii 
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Section  1 

Introduction 


1.0  Introduction 


Over  the  years,  the  trend  in  Alberta  has  been  toward  increased  urbanization.  Both  this 
increasing  degree  of  urbanization  and  the  associated  higher  public  expectations  for  runoff 
control  have  been  underlying  forces  in  the  trend  toward  the  increasing  use  of  stormwater 
management  principles.  Concerns  regarding  stormwater  runoff  and  its  impact  on  urban 
and  rural  development  and  on  aquatic  resources  have  also  been  increasing.  It  is  generally 
recognized  that  stormwater  must  be  addressed  during  the  planning,  design,  and 
construction  of  our  communities,  in  a different  manner  than  in  the  past.  To  achieve 
development  forms  which  meet  our  current  needs  while  preserving  and  maintaining  our 
natural  resources  for  the  future,  it  will  be  necessary  to  plan  our  actions  in  ways  that 
recognize  such  things  as  water  quality  and  quantity,  linkages  between  surface  and 
groundwater,  and  dependencies  between  physical  and  biological  resources. 


Processes  and  methodologies  for  this  new  type  of  approach  are  evolving  in  the  province. 
Terms  such  as  "watershed  planning"  and  "ecosystem  l^hagement",  "sustainable 
development",  "no  net  loss  of  habitat"  and  "enhancement"  €m^encQuraged  in  virtually 
every  undertaking.  In  efforts  to  turn  these  guiding  principles  iW^'actual  applications, 
environmental  plarmers,  engineers,  and  scientistS;^>will  have  to  use  tools  including  source 
controls,  conservation,  land-use  control,  treatme^.^<^^nd  best  management  practices. 


To  accomplish  this,  stormwater  management  practic^$has  introduced  the  concept  of  the 
dual  (major/minor)  drainage  system  analysis  and  the  use  of  stormwater  facilities  for  both 
peak  flow  rate  and  water  quality  cq^trpl.  It  has  fostered  the  development  of  scientific 
methods  that  have,  in  part,  displaced  th#^aditional  use  of  empirical  formulae  such  as  the 
Rational  Method  for  the  analysis  of%onlplex  drainage  systems.  These  changes  have 
evolved  since  the  mid  1960s,  aided  by  the  considerable  amount  of  research  in  the  United 
States  funded  by  the  U,^%Environmental  Protection  Agency  (EPA).  In  Alberta,  rapid 
growth  in  urban  develb^ment  during  the  1970s  forced  developers,  consultants,  and  the 
larger  urban  communitie^^p  reassess  drainage  system  design  practices  and  standards. 

A high  quaP^of  stormwater  management  is  a necessary  ingredient  for  orderly  municipal 
growth.  Stornhyater  management  usually  requires  the  use  of  surface  facilities  to  store, 
treat,  or  coli^ey^lmnoff  from  extreme  rainfall  events.  These  facilities  must  often  compete 
for  space  with  the  other  servicing  components  and  land  uses  in  a development.  As  a 
result,  the  planning  of  a stormwater  management  system  must  conform  to  the  general 
development  plan  of  the  municipality  it  serves. 


There  has  been  a tendency  in  the  past  to  consider  stormwater  runoff  a liability.  In  the 
modem  planning  process,  however,  the  potential  for  the  beneficial  use  of  stormwater 
should  also  be  considered.  Schemes  for  stormwater  management  facilities  should  consider 
multi-purpose  applications  whenever  possible.  Some  stormwater  management  facilities 
can  be  aesthetic  and  recreational  amenities  for  the  communities  in  which  they  are  located. 


The  development  of  stormwater  management  schemes  leads  to  a need  for  the 
consideration  of  stormwater  quality  with  respect  to  street  cleaning  and  de-icing,  storm 
sewer  cleaning,  solid  wastes  collection,  and  control  of  erosion  from  constmction  sites. 
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In  addition,  facilities  not  specifically  designed  for  drainage,  such  as  parking  areas,  public 
parks,  and  rooftops  can  be  used  as  integral  components  of  an  overall  plan  to  control 
stormwater  runoff  Proper  consideration  and  implementation  of  this  positive  approach, 
with  good  policy  and  planning,  will  ensure  an  adequate  standard  of  stormwater 
management  in  the  future. 


The  purpose  of  these  guidelines  is  to  discuss  aspects  of  the  planning,  analysis,  design, 
construction,  operation,  and  maintenance  of  stormwater  management  systems  relevant  to 
Alberta.  These  guidelines  are  an  update  of  "Stormwater  Management  Guidelines  for  the 
Province  of  Alberta"  (Alberta  Environment,  March  1987).  For  the  most  part,  the  updated 
guidelines  have  kept  the  flavour  and  contents  of  the  1987  document.  However,  it  has 
been  updated  to  include  some  of  the  advances  in  stormwater  management,  particularly 
those  related  to  stormwater  quality  control  and  Best  Management  Practices  (BMPs).  In 
this  latter  class,  the  planning,  selection,  design  basis,  implementation,  and  costs  of  BMPs 
are  included  and  discussed. 


V" 

The  basis  for  BMP  selection  is  tied  to  the  current,  and  pot^ial,  receiving-water  uses. 
These  should  be  established  through  the  water  shed  planning  and^rbln  planning  process. 
Once  these  are  known,  water  quality  objectives  ca^^be  identified  based  on  receiving-water 
characteristics  and  the  BMPs  selected  to  meet  tliese  objectives. 


It  should  be  recognized  that  there  is  no  standard  sS^ption  to  stormwater  management. 
Every  possible  solution  has  its  advantages  and  disadvantages.  Therefore,  the  selection 
process  should  be  made  on  the  basi|«jqf  choosing  from  an  arsenal  of  water  quantity  and 
quality  improvement  techniques  bls^^^^n  water  quality  and  quantity  concerns,  site 
conditions,  capital  and  maintenance%og^i^  and  design  experience.  It  should  also  be 
recognized  that  in  many  instances  more  than  one  type  of  technique  may  be  required  to 
protect  a range  of  resoufe^. 


The  use  of  these  techniqt^,  with  other  options  such  as  housekeeping  practices,  land  use 
restriction^  or  limitations,  conservation,  and  enhancement  programs  and  source  controls 
of  pollutan^k^^will  result  in  future  development  forms  which  provide  for  human  needs 
while  profecti^  the  natural  environment. 


It  is  important  that  designers  and  others  treat  these  guidelines  as  a tool  to  assist  them  and 
not  as  a rulebook  for  stormwater  management  solutions.  There  are  many  site-specific 
issues  that  affect  development  and  stormwater  management  planning.  Although  the 
guidelines  provide  practical  and  specific  guidance  there  must  be  flexibility  to  account  for 
site-specific  conditions.  Stormwater  management  solutions  are  site  specific  and  this  must 
be  recognized  when  applying  the  guidance  provided  in  this  document. 
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Section  2 

Planning  for  Stormwater  Management 


2.0  Planning  for  Stormwater  Management 

2.1  Introduction 

The  term  "stormwater  management"  implies  a comprehensive  approach  to  the  planning, 
design,  implementation,  and  operation  of  stormwater  drainage  improvements.  The 
purpose  of  the  stormwater  management  approach  is  to  develop  effective  drainage  systems 
that  balance  the  objectives  of  maximizing  drainage  efficiency  and  minimizing  adverse 
environmental  impacts. 

This  section  outlines  a basic  framework  for  planning  the  development  of  stormwater 
management  systems.  It  deals  with  rural  and  urban  drainage  system  considerations,  four 
levels  of  drainage  planning  (from  river  basin  planning  to  implementation),  and  it  discusses 
the  merits  of  design  standards  for  stormwater  facilities. 


2.2  Considerations  for  Rural  Drainage  Systems 


Few  drainage  systems  in  inhabited  areas  remain  in  their  natural'^t^te.  The  development 
of  agriculture  and  of  transportation  networks  ha|*resulted  in  modifications  to  the  natural 
drainage  system.  These  modifications  to  land  u&|^|ind  drainage  patterns  can  be  the  source 
of  drainage  problems  in  rural  systems.  Rural  afr^urban  drainage  are  interrelated  since 
both  may  contribute  to  the  overall  hydrology  of  a \^tershed. 


The  following  discussion  provides  background  for  the  planning  of  drainage  systems  for 
smaller  communities  that  must  interact  with  rural  drainage  systems. 

2.2.1  Road  Drainage 

Most  drainage  impro^4p®^^s  in  rural  areas  relate  to  road  drainage.  Rural  roads  are 
designed  to  shed  water  roadside  ditches.  In  Alberta,  these  ditches  are  usually  wide 
and  shallow  with  flat  grades,  and  in  most  cases  they  significantly  attenuate  runoff 
hydrograpJsL  Most  adverse  impacts  caused  by  the  road  system  occur  where  they  cross 
watercou|ses^itches  with  steep  grades  approaching  creeks  and  rivers  are  susceptible  to 
erosion  tlS^m^\esult  in  sedimentation  problems  in  the  stream.  Road-crossing  structures 
often  restrictifie  flow  in  minor  watercourses;  however,  in  such  cases  it  is  usually  the  road 
that  suffers  the  most  damage  when  an  extreme  runoff  event  occurs.  It  is  interesting  that 
the  concept  of  level-of-service  is  firmly  entrenched  in  highway  and  rural  road  design, 
especially  in  relation  to  stream  crossings.  Invariably  the  capacity  of  such  crossings  in 
terms  of  flow  frequency  is  determined  by  the  importance  of  the  road  and  the  type  of 
crossing.  In  contrast,  this  appears  to  be  a rare  consideration  in  the  design  of  urban 
roadways.  Table  2-1  shows  typical  design  return  periods  for  bridges  and  culverts  for 
various  types  of  roadways. 

2.2.2  Agricultural  Drainage 


Most  rural  runoff  in  Alberta  and  the  other  prairie  provinces  occurs  in  the  spring  as  a 
result  of  snowmelt.  In  most  cases,  significant  runoff  from  summer  rainstorms  is  an 
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unusual  occurrence.  Since  water  is  vital  to  plant  growth,  particularly  in  the  form  of  soil 
moisture  retention,  agricultural  drainage  systems  are  not  designed  to  be  hydraulically 
efficient  in  the  rate  of  surface  water  removal.  The  major  emphasis  is  on  positive  drainage 
to  ensure  that  standing  water  does  not  remain  in  low  areas  for  extended  periods. 

The  most  significant  impacts  of  agriculture  on  rural  drainage  systems  result  from  either 
the  drainage  of  wetland  areas  or  the  conversion  of  woodlands  to  pasture  or  cropland. 
These  significantly  increase  the  amount  of  runoff  and  erosion.  Where  such  undertakings 
are  planned  on  a large  scale,  regional  drainage  planning  may  be  warranted. 


Table  2-1 

Typical  Design  Return  Periods  for  Bridges  and  Culverts 

Return  Period  (years) 

Road  Classification 

Culverts  with  Total  Span 
up  to  6.0  m 

B^i(^es  and  Culverts  with 
Toffc,Spa|i  Exceeding  6.0  m 

Freeway 

50 

J 

" 100 

Urban  arterial 

50 

100 

Rural  arterial 

25  \ 

50 

Collector 

25 

50 

Urban  local 

50 

Rural  local 

'''10 

25 

Notes: 

1.  Total  span  for  purpose  is  the  sum  of  individual  spans  or  diameters, 

measured  parallel  to  the  road  in  the  case  of  a bridge,  and  normal  to  the 
l^^tudinal  axis  in  the  case  of  a culvert. 

2.  periods  listed  are  for  guidance  only  and  should  be  modified  in  the 

following  cases: 

(a)  If  the  flood  hazard  in  the  vicinity  of  the  site  is  unusually  severe; 

(b)  If  the  road  classification  is  likely  to  be  upgraded  or  downgraded  after 
construction; 

(c)  If  the  road  has  an  unusually  low  traffic  volume. 

3.  Taken  from  Drainage  Manual  Vol.  1,  RTAC  (1982). 
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2.2.3  Urbanization  in  Rural  Watersheds 


Water  quality  concerns  have  received  increasing  attention  over  the  past  several  decades. 
Initially,  focus  was  directed  at  point  sources  of  pollution,  such  as  sewage  treatment  plants 
or  industrial  dischargers.  Although  much  progress  has  been  made  in  reducing  or 
eliminating  point  sources  of  pollution,  water  quality  degradation  still  occurs  in  some 
Alberta  watercourses.  Accordingly,  focus  has  shifted  to  non-point  sources  of  pollution 
such  as  stormwater  runoff  from  urban  or  rural  sources. 

A drainage  system  for  stormwater  runoff  always  exists,  whether  the  land  is  predominantly 
rural  or  has  undergone  some  degree  of  development.  Virtually  any  modification  of  an 
existing  drainage  system  will  modify  the  runoff  characteristics  of  the  system. 

Environment  Canada  has  estimated  that  urbanization  of  a natural  drainage  basin  can  result 
in  increases  in  stormwater  runoff  of  400  percent  or  more.  Also,  this  stormwater  carries 
a variety  of  water  contaminants  that  may  accumulate  and  d^^ge  aquatic  environments 
and/or  restrict  water  use  to  some  degree.  The  impacts  of  irfS^niza|ion  vary  depending 
upon  both  the  scale  and  type  of  drainage  improvements  carried  (!iatAd  the  sensitivity  of 
the  receiving  stream  environment  related  to  eac|jjidrainage  system. 

Where  urbanization  occurs  in  an  essentially  rur^^^tershed  the  changes  that  occur  in  the 
hydrologic  regime  are  very  significant  to  the  downs^am  system.  Specific  changes  that 
will  usually  occur  are: 

(a)  An  overall  increase  in  the  afiixA^wolume  of  runoff, 

(b)  A much  faster  rate  of  runoff  Igr  JSy  given  event, 

(c)  Summer  rainfall  events  that  can  result  in  significant  runoff  from  the  urbanized 
areas,  while  littlr^  no  runoff  comes  from  the  rural  portion  of  the  basin. 

(d)  Stream  base  fl6&^s  (low  flows)  decrease 

The  seasonal  change  in  th^  runoff  pattern  is  particularly  important.  Many  rural  drainage 
channels  r^dnely  overflow  their  banks  and  cause  flooding  of  adjacent  land  during  spring 
runoff.  Lfeuan^  this  is  not  a problem,  provided  that  the  excess  water  drains  away  quickly. 
In  many  ^esj^articularly  in  the  upper  reaches  of  a watershed,  the  primary  drainage 
routes  are  not  incised  channels  but  broad  overland  flow  routes  active  only  during  spring 
runoff.  During  the  summer  months  these  floodplains  may  be  productive  farmland  where 
flooding  would  cause  extensive  economic  damage. 

The  imposition  of  rigid  flow  regulation  policies  for  rural  drainage  based  on 
pre-development/post-development  concepts  should  be  avoided.  It  is  imperative  that  the 
required  capacities  of  discharge  channels  be  determined  on  the  basis  of  hydraulic  analysis. 
This  should  include  analysis  of  both  channel  capacities  and  the  restrictions  due  to  stream 
crossings.  It  should  not  be  assumed  that  a flow  rate  that  occurs  without  problems  during 
the  spring  would  not  cause  problems  during  the  sununer.  In  cases  where  high-capacity 
channels  exist,  flow  regulation  may  be  unnecessary  for  summer  storms.  In  addition,  such 
regulation  may  retard  spring  runoff  to  the  extent  that  it  coincides  with  upstream  peak 
flows  resulting  in  higher  discharge  rates  than  would  otherwise  occur. 
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2.3 


Drainage  Considerations  for  Urban  Areas 


2.3.1  The  Impact  of  Development 

From  a drainage  perspective  the  most  dominant  characteristic  of  the  urban  landscape  is 
the  high  degree  of  impervious  ground  cover.  Urban  areas  are  also  characterized  by 
systematic  surface  grading  intended  to  direct  the  flow  of  water.  A secondary  effect  of 
grading  is  to  ensure  a rapid  rate  of  runoff.  These  factors  result  in  more  significant 
changes  to  the  hydrologic  regime  in  comparison  with  changes  due  to  drainage  works  in 
rural  areas. 


Runoff  events  occur  on  a routine  basis  in  urban  areas.  Summer  rainstorms  that  would 
produce  little  or  no  runoff  in  rural  areas  produce  significant  runoff  in  urban  areas.  The 
overall  effect  of  large  amounts  of  impervious  land  surface  in  urban  areas  is  to 
dramatically  increase  the  runoff  volume  and  the  rate  of  runoff  from  each  rainfall  event. 
In  contrast  to  rural  areas,  the  runoff  produced  by  snowmelt^^y^ts  in  urban  areas  rarely 
exceeds  the  drainage  system  capacity. 

"\J 

2.3.2  Convenience  Drainage  for  Urban  Areas 


Traditionally,  drainage  planning  for  urban  areas  focused  on  the  inconvenience  caused 
to  human  activity  by  runoff.  As  a result,  urban  dr^age  systems  are  characterized  by 
positive  grading  of  land  away  from  buildings  to  roadways  which  in  turn  are  graded  to 
ensure  rapid  flow  of  surface  watej!;^  to  a point  where  it  can  be  discharged  to  an 
underground  sewer  system.  The  sew^^ystem  conveys  the  water  to  a point  where  it  can 
be  discharged  to  a watercourse  or  wa^|  b|dy.  The  hydraulic  efficiency  exhibited  by  such 
systems  under  normal  circumstances  is  primarily  due  to  the  storm  sewer  system.  In 
addition  to  hydraulic  ep^iency,  sewers  use  less  additional  land  and  require  a minimal 
amount  of  maintenanci4in  comparison  to  other  municipal  services. 

Storm  sewer  systems  are\enerally  considered  to  be  expensive,  and  the  fact  that  the 
larger,  m^e  costly  trunk  sewer  components  have  to  be  installed  prior  to  surface 
improvenfentl^results  in  a high  initial  or  ffont-end  cost.  Economic  considerations 
effectivel^imijlhe  hydraulic  capacity  that  can  be  provided  by  storm  sewer  systems.  It 
is  common  practice  to  design  these  systems  to  discharge  the  flow  generated  by  rainstorms 
with  a l-in-5-year  return  period  (rainstorms  that  have  a 20%  chance  of  occurring  every 
year). 


2.3.3  Flood  Protection  in  Urban  Areas 

While  storm  sewer  systems  work  effectively  under  normal  circumstances,  occasional 
runoff  events  will  occur  where  the  system  has  insufficient  capacity  to  discharge  in  the 
normal  manner.  The  impacts  of  the  runoff  rate  exceeding  the  capacity  of  the  system  can 
vary  from  temporary  accumulation  of  standing  water  around  a street  inlet  to  large 
volumes  of  water  flowing  overland,  causing  flooding  of  buildings  and  other  facilities. 
Situations  occur  in  some  systems  where  water  may  flow  out  of  manholes  and  inlets  in  the 
downstream  parts  of  the  system  onto  streets  and  adjacent  property.  Until  recent  times  it 
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appeared  that  little  or  no  consideration  was  given  to  what  would  happen  when  the  system 
capacity  was  exceeded.  However,  in  recent  years  developers  have  been  required  to  design 
overland  flow  routes  to  prepare  for  these  excess  flows. 

With  the  passage  of  time,  it  has  become  apparent  that  the  degree  of  flood  protection 
provided  by  urban  drainage  systems  designed  primarily  for  convenience  is  not  adequate. 
Provision  must  also  be  made  to  control  the  excess  runoff  resulting  from  infrequent  events. 

2.3.4  Storage  for  Flood  Protection 

Stormwater  storage  has  proved  to  be  a flexible  approach  to  mitigating  many  urban 
drainage  problems.  Storage  facilities  include  underground  vessels  (superpipes),  temporary 
flooding  of  open-space  areas  (parks,  parking  lots,  etc.),  and  storage  ponds.  The  most 
common  form  of  storage  is  the  stormwater  detention  or  retention  pond.  These  facilities 
have  become  synonymous  with  stormwater  management. 

% 

The  introduction  of  a storage  element  into  a drainage  syst4%.  serves  to  attenuate  the 
hydrograph  flowing  through  it,  in  effect  reducing  the  peak  flo^.|ale.  The  attenuation 
capability,  more  commonly  referred  to  as  routing  effect,  is  inherent  in  all  hydraulic 
systems  that  transport  intermittent  or  varying  Routing  effects  are  smaller  for 

efficient  hydraulic  sections  such  as  pipes  than  flMess  efficient  hydraulic  sections  such 
as  natural  channels.  % 

Buried  storage  has  limited  application  because  of  the  relatively  high  costs  involved. 
Impoundment  of  stormwater  in  largi  ^Africe  depressions  is  cost-effective  in  many  cases, 
especially  in  newly  developing  areas  wh^e  land  can  be  made  available.  The  location  of 
an  impoundment  in  conjunction  with  a nahiral  drainage  route  greatly  facilitates  the  control 
of  excess  runoff  during  jnajor  events. 

Most  stormwater  impoui^ments  are  classified  as  detention  storage  facilities.  These 
facilities  temporarily  store'  water  in  excess  of  the  downstream  conveyance  capacity. 
Detention  ®rage  facilities  can  be  either  normally  dry  or  retain  a permanent  wet  water 
body.  A^h>^^ulic  facilities,  both  function  in  an  identical  manner.  Retention  storage 
facilities  ^^er  for  extended  time  periods  and  may  rely  entirely  on  evaporation  and 
infiltration  for  ultimate  disposal  of  runoff.  Retention  storage  facilities  are  not  commonly 
used  in  urban  environments  (Note:  others  define  detention  and  retention  differently;  using 
the  above  definitions,  the  majority  of  urban  storage  facilities  are  termed  either  dry  ponds 
or  wet  ponds). 

2.4  Planning  Levels  for  Stormwater  Management 
2.4.1  Introduction 

The  benefits  of  drainage  improvements  tend  to  be  readily  apparent  and  to  be  localized  to 
the  site  of  the  drainage  improvements.  Adverse  environmental  impacts  generally  occur 
downstream  of  the  improvement  site  and  are  not  always  readily  apparent.  These  impacts 
are  of  concern  as  they  tend  to  be  accumulative  over  both  time  and  space.  It  would  be 
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impractical  to  evaluate  the  environmental  impacts  of  all  localized  drainage  improvements 
within  a watershed  on  an  individual  basis.  Local  improvements  should  be  made  in  the 
context  of  an  overall  plan  for  the  entire  watershed.  As  a result,  a hierarchical  approach 
to  the  planning  and  implementation  of  stormwater  management  is  required. 


2.4.1. 1 Hierarchical  Planning  Approach 

Stormwater  management  planning  must  be  carried  out  on  a scale  that  allows  assessment 
of  impacts  throughout  the  natural  drainage  system.  In  Alberta,  the  major  river  basins  are 
used  as  macro  planning  units.  These  units  are  too  large  to  be  practical  units  for  drainage 
planning;  however,  they  may  identify  some  constraints  for  smaller  planning  units. 


At  the  other  end  of  the  spectrum,  most  drainage  improvements  are  designed  and 
implemented  to  service  residential  or  industrial  subdivisions  of  a few  hectares.  Land 
development  and  land-use  planning  units  are  primarily  influenced  by  legal  boundaries, 
land  ownership,  and  political  jurisdictions.  These  units  i^r^y  coincide  with  natural 
drainage  boundaries,  and  are  usually  too  small  for  stormwat€f^fnan^ement  planning. 


•w 


It  is  evident  that  intermediate  levels  for  stormw|it€r  management  planning  are  required. 
The  four  levels  of  planning  and  design  for  storm%||er  management  systems  that  meet  the 
requirements  include  major  river  basin  plans,  w^^^hed  drainage  plans,  master  drainage 
plans,  and  site  implementation  plans. 


\ 


The  geographic  relationship  of  these  Jevels  of  planning  are  illustrated  in  Figure  2-1.  The 
functional  relationship  of  these  levels. of  planning  is  illustrated  in  Figure  2-2. 

v:*. 

2.4.2  River  Basin  Plan 

River  basin  planning  f5^ically  considers  the  major  river  basins  in  the  province.  River 
basin  planning  is  basicall^^oncemed  with  the  supply  and  demand  for  water  as  a resource. 
The  impact  of  urban  land  drainage  on  the  hydrology  of  Alberta’s  major  rivers  is 
negligible  most  practical  purposes  due  the  small  portion  of  urbanization  in  the  river 
basins.  I^w^fr,  Urban  and  industrial  developments  do  have  a significant  impact  on  the 
water  quattoj^'these  rivers. 

It  is  probable  that  urban  storm  drainage  systems  contribute  a significant  portion  of  the 
pollutant  loads  found  in  Alberta’s  rivers.  It  is  possible  that  future  restrictions  on  the 
quality  of  stormwater  discharges  may  be  imposed  as  a result  of  investigations  at  this  level 
of  planning.  It  may  also  be  logical  to  assess  the  need  for  regional  drainage  plans  at  this 
planning  level.  In  these  cases,  boundaries  for  such  regional  studies  would  be  defined 
based  on  anticipated  development. 

This  level  of  planning  is  essentially  a provincial  responsibility. 
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Site  Implementation  Plan 


Stormwater  Management  Planning 


Figure  22 

Functional  Relationship  of  the  Four 
Levels  of  Stormwater  Management 


2.4.3  Watershed  Drainage  Plan 


2.4.3.1  General 

Watershed  planning  has  become  more  prevalent  in  recent  years  as  a planning  approach 
that  compatibly  integrates  natural  systems  and  land-use  change.  Watershed  planning 
considers  similar  environmental  issues  as  traditional  subdivision  or  site  planning,  but  at 
a scale  where  ecosystem  functions  and  linkages  can  be  identified  and  the  cumulative 
impacts  of  development/resource  management  strategies  evaluated.  The 
watershed/subwatershed  planning  process  provides  key  direction  to  stormwater  managers 
in  the  following  areas: 


• Identification  of  constraint  areas 

• An  analysis  of  the  cumulative  impacts  associated  with  urban  development 

• Recommendations  for  land-use  restrictions  and  development  criteria 

V 

Watershed- wide  management  options  usually  include  stru€^al  (|br  example,  urban 
stormwater  BMPs,  servicing  options,  remedial  projects)  and  nonl^ctural  (for  example, 
policies,  programmes,  bylaws)  recommendations^^A  watershed  plan  will  normally  specify 
performance  criteria  that  a stormwater  managenl|]pj^plan  (SWMP)  should  be  designed  to 
satisfy.  Such  performance  criteria  could  includ^!\^ 

• The  requirement  for  lot  level  controls  and  site  planning  techniques  to  promote 
infiltration  and  maintain  the  w^ter  balance 

• Allowable  types  of  end-of-pipe  stdhnwater  management  facilities 


Approximate  loc^ions  for  end-of-pipe  stormwater  management  facilities 


Required  levels  (Si^ontrol  (storage  or  recharge  volumes/retention  times)  for  flood 
control,  water  quality  maintenance,  and  erosion  protection 


SpeciafvSWMP  design  requirements  (that  is,  thermal  mitigation  measures, 
en^nce(|\utrient  control,  spill  capture/control  enhancements) 


Requirements  for  special-purpose  SWMPs:  (for  example,  oil/grit  separators  for 
specified  land  uses,  disinfection  processes) 


Basic  to  the  development  of  an  effective  stormwater  management  plan  is  the  definition 
of  areas  within  which  the  cause  and  effect  relationships  between  individual  drainage 
elements  may  be  significant.  A watershed  drainage  plan  should  consider  drainage 
requirements  and  potential  impacts  on  a regional  basis  and  develop  a SWMP  at  a 
conceptual  level.  A watershed  drainage  plan,  therefore,  may  consider  the  drainage 
requirements  of  a single  drainage  basin  or  a group  of  sub-basins  which  contribute  to  a 
point  in  the  natural  drainage  system. 
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Planning  and  implementation  of  storm  drainage  is  traditionally  a municipal  government 
responsibility.  Factors  inhibiting  development  of  watershed  drainage  plans  have  been  the 
initial  study  costs,  coupled  with  few  short-term  benefits.  In  many  cases  drainage  basins 
cover  more  than  one  municipal  administration. 

Drainage  problems  created  by  development  are  not  always  visible  in  the  early  stages  of 
development.  The  lack  of  comprehensive  drainage  planning  in  such  cases  invariably  leads 
to  long-term  flooding  and/or  pollution  problems.  This  has  been  demonstrated  by  many 
river  systems  in  the  United  States.  It  is  noteworthy  that  funding  by  the  U.S.  government 
for  the  relief  of  such  problems  is  increasingly  being  made  subject  to  the  development  of 
comprehensive  stormwater  management  plans  and  administrative  structures  to  implement 
them. 

This  level  of  plarming  likely  requires  joint  participation  of  both  provincial  and  municipal 
governments. 

2.4.3.2  Development  of  A Watershed  Plan 

The  development  of  an  integrated  stormwater  ma^gement  plan  requires  the  definition  of 
an  area  within  which  the  interactions  between  inljj^Mual  elements  of  the  drainage  system 
may  be  significant.  Where  large-scale  land  chadp^  will  occur  within  a drainage  basin, 
watershed  drainage  plans  should  be  developed  thr&^gh  comprehensive  studies  of  the 
existing  systems  and  future  drainage  requirements.  Such  studies  should  comprise: 

• A detailed  analysis  of  the  Mimiing  drainage  system  and  identification  of 
environmental  concerns,  and  \ _ > '' 

• An  analysis  of  fflture  drainage  requirements  and  options  available  for  meeting 
those  requirem%%s. 

\ 

There  are^o  standards  to  determine  the  scope  of  a watershed  drainage  plan.  The 
downstrea^teea  of  influence  of  land-use  changes  may  extend  beyond  the  local  drainage 
basin.  LcgicA^  the  area  covered  by  the  plan  should  extend  to  where  potential  impacts 
are  neglig^J^^f  where  higher-level  studies  or  statutory  regulations  have  established 
limits  for  the  impacts  of  surface  runoff  on  a receiving  stream  or  water  body. 

The  basic  objectives  of  a watershed  drainage  plan  should  be: 

• To  provide  an  acceptable  level  of  flood  protection  for  existing  land  uses 
throughout  the  basin, 

• To  establish  constraints  within  the  system  to  prevent  environmental  damage,  and 

•'  To  develop  policies  and  design  criteria  for  use  in  the  development  of 

comprehensive  plans  for  drainage  improvement  that  may  be  required  in  the  future. 
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Watershed  drainage  plans  are  usually  developed  at  a conceptual  level,  at  least  where  the 
drainage  basin  is  largely  undeveloped.  The  basic  elements  of  a watershed  drainage  plan 
should  include: 


(a)  A statement  of  objectives, 

(b)  Delineation  of  the  watershed(s), 

(c)  Delineation  of  internal  sub-basins, 

(d)  Identification  of  the  constraints  governing  the  development  of  the  plan, 

(e)  Location  and  capacities  of  the  principal  drainage  routes, 

(f)  Identification  of  major  urbanization  impacts, 

(g)  Formulation  of  an  optimum  conceptual  drainage  plan  for  the  basin, 

(h)  Guidelines  for  implementing  the  plan,  and 

(i)  Criteria  for  designing  system  components  which  will  meet  the  objectives. 


Basic  data  required  to  develop  a watershed  drainage  plan  include: 


(a) 

(b) 

(c) 
id) 


A long-range  land-use  plan,  ^ 

A biological  inventory  of  the  drainage  basin, 

A set  of  constraints  for  potential  enviroMtental  impacts,  and 

Methodologies  for  carrying  out  hydrologil^^draulic,  and  (possibly)  water  quality 

analyses. 


The  format  of  a watershed  drainage  plan  and  the  level  of  effort  required  to  develop  it  will 
vary  from  system  to  system.  In  a dr^^age  basin  where  significant  land-use  changes  are 
not  expected,  the  plan  may  be  a siiAp>J^''d^cument  that  delineates  the  plan  boundary  and 
sets  out  an  approval  procedure  for  lc^a|^fainage  improvements  based  on  conservative 
assumptions.  In  addition,  the  plan  should  set  out  requirements  or  guidelines  for  detailed 
studies  if  a need  arises,  l^^haps  by  reference  to  a standard  document. 

.4.3.3  Watershed  Draiiii^ge  Plan  Activities 

Initial  H^^logic  Activities  - These  include  defining  basin  boundaries,  physical 
characteriStics'^nd  estimating  the  runoff  regime  for  existing  conditions.  Streamflow 
records  ar^thel  ideal  source  for  this  information,  but  are  rarely  available.  Various 
techniques  are  available  for  synthesizing  flow  data  and  are  discussed  in  subsequent 
sections  of  this  report. 


The  hydraulic  capacity  of  the  existing  drainage  facilities  should  also  be  estimated,  where 
applicable.  Typically,  the  system  capacity  is  limited  by  one  or  more  restrictive  elements 
such  as  road  crossings  or  channel  constrictions  imposed  by  existing  land  uses.  The 
benefits  of  eliminating  local  constrictions  should  be  considered. 


Flood  Levels  - Once  the  watershed  hydrology  and  hydraulic  constraints  are  established, 
floodplain  delineations  to  determine  flood  lines  for  various  flow  frequencies  under 
existing  conditions  can  be  determined.  It  should  be  recognized,  however,  that  delineating 
a floodplain  based  on  existing  conditions  will  be  inadequate  if  future  urbanization 
increases  flood  flows. 
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It  is  common  practice,  and  accepted  policy  in  Alberta,  to  define  flood  protection 
requirements  in  terms  of  a flood  with  a 1 -in- 100-year  return  period.  Therefore,  it  would 
appear  to  be  redundant  to  estimate  flood  lines  for  lesser  return  periods,  although 
considerable  caution  should  be  exercised  in  this  regard.  The  definition  of  a design  flood 
line  can  have  a major  impact  on  the  overall  economics  of  a project.  If  the  initial  flood 
level  estimate  is  overly  conservative,  a viable  project  may  be  abandoned.  Conversely,  if 
the  initial  estimate  is  too  low,  unexpected  costs  may  be  incurred  in  the  future. 

The  degree  of  reliability  that  can  be  placed  on  an  estimate  of  the  amount  of  runoff 
generated  by  a rare  event  will  vary  depending  upon  the  reliability  of  the  base  data  used 
to  make  the  estimate.  The  estimation  of  higher  frequency  (common)  events  is  inherently 
more  reliable  than  for  low  frequency  (rare)  events,  principally  because  they  can  be  related 
to  experience  and  observation.  A series  of  flood  lines  provides  a basis  for  evaluating  both 
the  reliability  of  an  extreme  flood  projection  and  the  sensitivity  of  the  development  costs. 

Constraint  Identification  - At  this  point  other  sites  sensitive%«p'otential  adverse  impacts 
should  be  identified,  including  sites  with  erosion  or  sedimentatioih:|)ot^tial,  and  biological 
communities. 

In  the  quest  to  preserve  the  natural  environme^^^to  the  greatest  extent  possible,  it  is 
becoming  the  norm  for  authorities  to  assemble  bi^^ical  inventories  of  lands  within  their 
jurisdictions.  Where  up-to-date  inventories  do  not  exl^t  they  may  be  required  as  was  the 
case  in  recent  watershed  drainage  plans  carried  out  by  the  City  of  Edmonton.  Such  an 
environmental  inventory  may  includ^A?  identification  of  archaeological  sites,  soils  data, 
geological  data,  geotechnical  datl  ^specifically  relating  to  streamcourse  stability, 
quantification  of  both  upland  and  wet^n^^  habitat,  and  an  inventory  of  existing  biota  in 
the  system. 

Potential  impacts  are  h4t  solely  attributable  to  stormwater  management  practice.  If  a 
biological  community  wil^mot  survive  the  proposed  changes  in  land  use,  then  potential 
adverse  iu|j)acts  due  to  drainage  modifications  are  irrelevant.  Direct  stormwater 
managemepikimpacts  are  usually  limited  to  the  immediate  environs  of  natural 
watercourles  a^  water  bodies.  Specifically,  these  would  include  changes  in  the  flow 
regimes  (e%|ciply  seasonal  changes),  streamflow  velocities,  and  water  quality. 

Future  Flow  Conditions  - Methods  of  estimating  the  magnitude  and  frequency  of  future 
flows  occurring  in  the  basin  must  take  into  account  the  effect  of  increased  imperviousness 
of  the  land  surface,  and  the  effects  of  improved  surface-grading  and  improved 
channelization.  Peak  flow  rates  alone  are  not  indicative  of  the  total  change  in  the 
hydrologic  regime  which  would  occur  in  the  drainage  basin.  Changes  in  runoff  volume 
are  equally  and  often  more  important.  As  well,  natural  environments  can  be  more 
sensitive  to  changes  in  average  conditions  than  to  the  short-term  effect  of  occasional  high- 
flow  conditions. 

Once  the  future  hydrologic  regime  has  been  estimated,  problem  areas  can  be  identified 
and  mitigative  measures  can  be  devised  and  evaluated.  Mitigative  measures  fall  into  two 
categories:  channelization  and  flow  regulation. 
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Channelization  includes  deepening,  widening,  and  straightening  of  natural  channels  or  the 
construction  of  diversion  channels  to  accommodate  upstream  inflows.  In  some  cases, 
floodproofmg  of  specific  sites  by  diking  and  pumping  may  increase  the  capacity  of 
existing  channels.  Channelization  commonly  destroys  streams  and  riparian  habitats  and 
degrades  water  quality.  As  an  alternative  to  channelization,  channel  enhancement  can  be 
used  for  redesigning  the  stream  channel.  This  can  enhance  flood  conveyance  without 
destroying  habitat  or  aesthetic  values. 

Flow  regulation  techniques  use  temporary  impoundment  of  runoff  to  reduce  flows  to  rates 
that  can  be  accommodated  in  a downstream  system. 

Economic  Analysis  - Economic  analysis  of  stormwater  management  alternatives  is  a 
major  consideration  in  developing  a watershed  drainage  plan.  While  benefit-cost  analysis 
is  the  most  comprehensive  approach  to  identify  the  best  solution,  it  is  often  difficult  to 
carry  out.  This  is  especially  the  case  if  there  are  significant  non  economic  costs  or 
benefits  associated  with  the  stormwater  management  plal^^yThe  aesthetic  values  of 
retaining  natural  vegetation  or  of  creating  an  artificial  lake"^  no|  lend  themselves  to 
cost/benefit  analyses.  The  benefits  of  incremental  levels  of  flbod  protection  are  also 
difficult  to  assess.  While  recognized  methodologies  are  available  to  estimate  flood 
damages,  they  involve  a major  effort  which  is  ||perally  out  of  proportion  to  the  overall 
planning  effort. 

\ 

Probably  the  most  appropriate  approach  to  the  economic  evaluation  of  management  plans 
is  to  determine  the  cost-effectivene?^^qf  alternatives,  based  on  the  tangible  aspects.  This 
approach  requires  that  intangible  ^yifb^ental  aspects  be  initially  evaluated  by  some 
empirical  process,  and  those  aspecl^^^lmed  to  be  important  are  then  included  as 
objectives  of  the  plan.  The  mitigative  measures  for  the  important  environmental  issues 
then  become  a requisite^part  of  the  watershed  drainage  plan. 

The  cost-effectiveness  cS^n  alternative  should  be  evaluated  on  the  basis  of  total  costs, 
monitoring  and  environmental,  over  a long  term  and  should  include  both  capital  costs  and 
operating  maintenance  costs.  The  major  advantage  of  this  lifecycle  approach  is  that 
effects  oista^g  the  implementation  of  components  of  the  plan  in  step  with  the  staging 
of  develo^enf'Ban  be  properly  evaluated. 

2.4.4  Master  Drainage  Plan 

2.4.4.1  General 

The  purpose  of  a master  drainage  plan  is  to  ensure  that  the  optimal  drainage  system  is 
developed  to  meet  present  and  future  requirements.  The  drainage  area  included  would 
either  be  determined  by  existing  drainage  boundaries  or  boundaries  imposed  by  a 
watershed  drainage  plan.  These  drainage  areas  would  not  be  based  on  jurisdictional 
boundaries.  The  master  drainage  plan  is  developed  through  the  evaluation  of  alternatives 
that  provide  an  acceptable  level  of  service  while  meeting  the  objectives  of  the  watershed 
drainage  plan  and  satisfying  constraints  imposed  by  topography,  existing  and  proposed 
land  uses,  land  ownership,  and  other  local  considerations. 
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The  minimum  scope  of  the  master  drainage  plan  is  to  identify  and  locate  major  drainage 
facilities,  including  trunk  sewer  routes,  open  channel  routes,  storage  facilities  (and  their 
associated  floodplain  levels  and  areas),  and  land  requirements  for  drainage  purposes.  If 
sufficient  land-use  planning  information  is  available,  preliminary  designs  of  die  major 
facilities  may  be  developed  in  the  plan. 


Many  jurisdictions  encourage  regional  master  drainage  planning  for  developing  areas. 
The  master  drainage  plan  level  for  stormwater  management  will  enable  an  integrated 
approach  to  stormwater  management  planning.  The  objectives  of  a master  drainage  plan 
will  typically  be  to: 


Identify  specific  local  resource  of  regional  significance  to  be  protected. 


Specify  the  size,  type,  location,  and  performance  characteristics  of  regional 
stormwater  BMP  facilities. 


w 

Identify  the  requirements  for  and  performance  characfeH|iticS|Of  local  BMP  plans 
based  on  uses  to  be  maintained.  Specific  design  targets  ^af^is,  infiltration,  peak 
runoff,  retention  time,  temperature)  shouJid^be  set. 


Specific  objectives  for  identified  SW>efi^^  (that  is,  bacteria  control,  oil/grit 
separators).  ^ 


Identify  requirements  for  regional  and/or  local  systems  and  online  or  offline 
systems.  ’ - ' 


Master  drainage  plans  should  develop  alternatives  and  identify  optimal  drainage  solutions 
that  conform  with  the  obj^tives  of  the  watershed  drainage  plan  and  the  realities  of  the 
proposed  land-use  plafh^he  scope  of  the  master  drainage  plan  generally  covers  a portion 
of  the  area  served  by  me  watershed  drainage  plan  such  as  one  or  more  sub-basins. 
Ideally,  it<^omplements  a "neighbourhood  structure  plan". 

Although ihi^^vel  of  planning  is  basically  a municipal  responsibility,  the  development 
of  such  a I^n  ^ly  be  undertaken  by  private  developers  with  large  land  holdings  within 
the  plan  boumaries. 


.4.2  Master  Drainage  Plan  Activities 


The  first  step  is  to  define  the  existing  local  drainage  system.  Where  a natural  drainage 
system  is  well  defined  it  will  invariably  become  the  major  drainage  system.  In  such  cases 
it  will  rarely  be  economical  to  introduce  radical  topographic  changes  that  significantly 
modify  the  natural  drainage  system. 

In  many  parts  of  Alberta  the  natural  drainage  system  can  be  classified  as  poor.  In  such 
cases  of  poorly  drained  land,  the  natural  drainage  is  internal  toward  potholes,  sloughs,  or 
marshes.  Surface  discharges  from  these  collection  points  are  rare  or  nonexistent.  In 
many  cases,  the  sloughs,  marshes,  etc.  may  be  effectively  integrated  into  the  drainage  system. 
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The  second  step  is  to  assess  the  need  for  discharge  controls  to  meet  downstream 
hydrologic  constraints  identified  in  the  watershed  drainage  plan.  Increased  in-system 
storage  may  be  required  to  control  discharge  rates.  This  can  be  accomplished  by  using 
existing  creeks  or  enhanced  channels  and  floodplains,  using  artificial  storage  lakes,  or  by 
retaining  existing  sloughs  or  marshes.  Storage  facilities  may  also  be  beneficial  for 
economic  reasons,  such  as  reducing  the  size  of  long  outfall  sewers.  This  can  achieve 
considerable  cost  savings. 

Where  in-system  storage  is  required  it  must  be  located  to  intercept  overland  flows  from 
major  events  as  well  as  flows  from  the  more  common  events.  Once  storage  facilities  and 
the  major  system  routes  have  been  located,  major  trunk  sewer  routes  can  be  determined. 
This  can  be  followed  by  the  location  and  design  of  the  minor  system  piping. 

2.4.4.3  Land  for  Stormwater  Storage 

Provision  of  land  required  for  stormwater  storage  lakes  ma^p^etimes  cause  problems 


the  private  developer.  One  allowable  classification  is%s  a Public  Utility  Lot  (PUL).  This 
option  will  penalize  a developer  with  a storage  facility  located  on  his/her  land,  as  PULs 
are  dedicated  from  net  area  and  are  s^bj^ect  to  all  municipal  service  levies.  The  only  other 
allowable  classification  is  that  of  Nfui^^^^al  Reserve  (MR).  The  Planning  Act  limits  MR 
to  1 0 percent  of  the  gross  developabli^x^a'  Storage  lakes  would  generally  absorb  20  to 
30  percent  of  this  area,  which  in  most  cases  would  be  quite  inequitable  from  a municipal 
perspective. 


The  status  of  existing  w^detention  pond  sites  in  Alberta  has  generally  been  resolved 
either  through  a negotiated  agreement  between  the  developer  and  the  municipality,  or  by 


determined. 

Problems  may  arise  when  a drainage  plan  identifies  a site  required  for  a storage  facility. 
If  the  land  holding  is  small  enough  that  the  facility  restricts  the  developability  of  the 
parcel,  it  devalues  the  individual  property;  conversely,  a landowner  may  be  in  a position 
to  hold  a municipality  to  ransom.  Thus,  the  implications  of  land  requirements  should  be 
a specific  consideration  during  the  development  of  a master  drainage  plan. 

2.4.5  Site  Implementation  Plans 

At  this  level,  the  detailed  design  and  construction  of  drainage  facilities  as  defined  in  the 
master  drainage  plan  are  carried  out.  During  the  implementation  phase  of  a stormwater 
management  plan,  extensive  environmental  damage  can  result  from  land-development 


One  particular  problem  in  Alberta  is  that  the  ^p&iing  Act  does  not  provide  a zoning 
category  for  stormwater  management  lakes  that  litable  to  both  the  municipality  and 
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activities  (for  example,  surface  and  stream  erosion  and  subsequent  sedimentation  in 
downstream  waterbodies).  Mitigative  measures  should  be  implemented  during  these 
operations. 

2.4.5. 1 Design  Standards  for  Site  Implementation  Plans 

Many  communities  have  developed  design  standards  that  establish  the  requirements  for 
their  infrastructure.  These  deal  with  the  design  and  construction  of  roads,  curbs  and 
gutters,  sidewalks,  water  pipes,  sanitary  sewers,  storm  sewers,  service  connections,  power, 
telephone,  and  cable  television.  Although  not  all  communities  have  standards  that  deal 
with  all  of  these  utility  systems,  most  have  standards  that  deal  with  sanitary  and  storm 
sewers.  These  can  range  from  a concise  statement  of  the  physical  and  design 
requirements  for  the  sewer  systems  to  the  identification  of  a comprehensive  systems 
planning  approach.  The  latter  category  covers  all  activities  (from  developing  watershed 
drainage  plans  through  to  construction),  to  which  a developer  and  the  municipality  must 
conform  to  implement  a subdivision.  \ 

Although  design  standards  are  limited  to  scope,  they  are  valuable^Aat  they  present  the 
philosophy  of  the  municipality  with  respect  to  stopfiwater  management.  They  provide  the 
minimum  levels  of  service  and  analysis  expect^,;^=€nd  where  more  than  one  option  for 
design  is  possible,  they  clarify  local  preference,  ^ft^ign  standards  also  serve  to  identify 
points  of  local  importance  that  might  be  overlooked  ffer  example,  the  groundwater  table, 
soils  characteristics  and  location  of  the  100-year  floodplain  for  the  local  streamcourse). 

- Design  standards  have  been  criticized  .befe^use  they  tend  to  discourage  innovation  and  are 
unable  to  address  site-specific  probie^sJ(for  example,  soil  foundation  conditions  and 
sulphate  content).  In  considering  this  limitation,  it  has  been  suggested  that  the  following 
clause  should  preface  all^sign  standards: 

"These  standards  shall  iftl  be  considered  as  a rigid  requirement  where  variation  will 
achieve  a^^etter  technical  and/or  economical  solution.  Indeed  it  is  encouraged  that 
consulting^g^ineers  continuously  seek  new  and  better  solutions." 

This  flexi^^^jl^of  value  for  larger  communities  that  either  retain  consultants  or  have 
staff  who  can  review  in  detail  the  technical  content  of  development  proposals  and  design 
submissions.  However,  where  the  commitment  to  provide  this  review  is  not  possible,  or 
where  the  magnitude  of  the  development  is  small,  the  use  of  a reasonable  set  of  design 
standards  should  be  required.  With  proper  application,  design  based  on  such  standards 
will  provide  an  adequate  level  of  service. 

For  many  items,  acceptable  standards  can  be  achieved  by  requiring  one  of  several  options. 
The  items  and  standards  given  are  intended  to  reflect  what  is  felt  to  be  the  most 
appropriate  or  most  common  practice  in  Alberta.  The  local  authority  is  left  with  the 
authority  as  to  the  selection  of  the  details  of  the  design  standards. 
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2.5 


Stormwater  Drainage  Planning  Outside  of  a Watershed  Context 
General 


2.5.1 

Many  environmental  impacts  associated  with  development  cannot  be  addressed  at  the 
plan-of-subdivision  or  site-plan  level.  As  discussed  above,  the  watershed/subwatershed 
planning  process  is  a valuable  tool  in  guiding  land-use  planning  and  performance  criteria 
in  a larger,  ecosystem-based  context.  However,  it  is  recognized  that,  in  many  cases, 
development  will  proceed  in  the  absence  of  watershed/sub  watershed  or  master  drainage 
planning.  In  such  cases,  the  stormwater  management  planning  and  selection  process  can 
be  collapsed  into  a single-stage  process  shown  in  Figure  2-3.  This  single-stage  process, 
although  necessary  in  many  circumstances,  is  not  recommended  for  the  following  reasons: 


Watershed/sub  watershed  ecosystem  and  water  management  issues  and  priorities 
are  not  identified. 

Cumulative  impacts  of  development  on  flooding,  "^tfr  equality,  erosion,  and 
baseflow  cannot  be  assessed.  V/ 

The  identification  of  natural  area  lihk^ges  and  wildlife  corridors  is  best 
accomplished  at  the  watershed/subwatei^^^  scale. 

\ 

Regional  facilities  cannot  be  evaluated. 


This  section  describes  an  approach  & g^^water  management  planning  and  design  where 
guidance  is  not  available  from  a wat^sljld/subwatershed  or  master  drainage  plan.  The 
approach  has  three  components: 

• Design  objecti'vl^  and  information  requirements 

• Assessment  of  reb^iving-water  concerns 

• S ejection  of  SWMP  criteria 

• S\^MP  selection 

2.5.2  Design  O^ec^bs  and  Information  Requirements 


2.5.2. 1 Design  Objectives 


Stormwater  site  planning  is  a fundamental  determinant  in  how  a given  development  will 
impact  the  hydrologic  cycle.  All  new  development,  whether  addressed  through  a 
watershed/subwatershed  plan  or  not,  needs  to  be  properly  planned  to  ensure  that 
deleterious  environmental  impacts  are  minimized.  Effective  subdivision/site  planning  is 
a necessary  prerequisite  for  effective  stormwater  management. 

Five  design  objectives  guide  the  relationship  between  subdivision/site  planning  and 
stormwater  management: 

• Reproduce  pre-development  hydrological  conditions. 
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Adoption  of  the  Site  Planning  & 
Design  Objectives 
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Figure  2.3 

Subdivision/Site  Planning  Methodology 


• Confine  development  and  construction  activities  to  the  least  critical  areas. 

• Maintain  the  overall  desired  density  of  development  by  allocating  higher  densities 
to  areas  suitable  for  development  (if  required). 

• Minimize  changes  to  existing  topography. 

• Preserve  and  utilize  the  natural  drainage  system. 

2.5.2.2  Agency  Consultation 


The  provincial  and  federal  regulatory  agencies  (Alberta  Environmental  Protection  and 
Environment  Canada)  should  be  contacted  to  assist  in  the  identification  of: 


Existing  natural  resource  mapping/data 
Local  natural  resource  issues  or  concerns 


2.S.2.3  Resource  Mapping 

Important  natural  resources  need  to  be  identifi^^nd  mapped  before  final  layouts  and 
design  can  proceed.  The  following  resources  shouf^Jbe  mapped  if  applicable: 


1% 


Watercourses,  waterbodies  ^ 

Stream  and  valley  corridor# 

Flood  and/or  fill  lines 
Wetlands 

Areas  of  natural^^.  scientific  interest 
Environmental^  sensitive  areas 
Si^ficant  vegetl^on/woodlots 
Wddlife  habitat/conridors 
SiOTC}cant  groundwater  recharge  areas 
Stfep  sipped  areas 
ErWonfrareas 


2.S.2.3 


Evaluate  Stormwater  Management  Requirements 


Once  significant  natural  resource  areas  have  been  identified,  remaining  areas  can  be 
classified  as  "developable  areas".  In  evaluating  stormwater  management  requirements, 
receiving  water  concerns  need  to  be  identified  and  water  management  criteria  developed 
before  alternative  management  strategies  and  land  area  requirements  can  be  evaluated  in 
finalizing  subdivision/site  plans. 
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2.5.3  Assessment  of  Receiving- Water  Concerns 


Four  water  quality  criteria,  or  receiving-water  concerns,  generally  guide  the  application 
of  SWMPs: 


• Water  quantity  (flooding) 

• Water  quality  (pollutant  loading,  aquatic  habitat,  recreation,  aesthetics) 

• Erosion  potential  (in-stream  erosion) 

• Baseflow  (groundwater  recharge,  in-stream  low  flow  maintenance) 

The  above  criteria/concems  may  be  affected  by  land-use  change.  Their  maintenance  helps 
ensure  receiving  waters  can  support  an  appropriate  diversity  of  life  and  do  not  undergo 
damaging  geomorphological  change. 

2.5.4  Selection  of  SWMP  Design  Criteria 

In  the  absence  of  watershed  or  master  drainage  planning,  s^jfic  performance  criteria 
need  to  be  established  to  guide  the  application  of  local  SWMPs.  design  criteria  are 

developed  for  each  category  of  concern  recogni^  in  the  receiving  water. 

2.5.4. 1 Water  Quantity 

Ideally  watershed/subwatershed  or  master  drainage  plans  should  evaluate  requirements  for 

post-development  water  quantity  conj^pls  based  on  the  potential  cumulative  impacts  of 
development  and  potential  flood  hatarl\  Where  higher-level  water  management  plans 
do  not  exist,  requirements  for  waf^r  |hantity  control  will  be  based  on  potential 
downstream  flooding  hazards. 

Water  quantity  cont^4f  is  generally  most  effective  in  the  headwaters  of  a 
watershed/subwatershed.'^xtended  detention  does  not  substantially  decrease  storm  runoff 
volumes,  ^ut  reduces  peak  flow  rates  or  elongates  hydrographs.  Where  extended 
detention  is^ed  in  downstream  reaches,  water  released  from  upstream  reaches  may  "add" 
to  that  re^ased^from  downstream  storage,  resulting  in  peak  flow  durations  greater  than 
those  exp^en^d  pre-development.  Also,  in  arid  areas  it  has  been  observed  that 
extended  open  water  evaporates  sufficiently  to  affect  annual  volumes  and  therefore  the 
design  of  the  stormwater  management  facilities. 


Although  site-specific  characteristics  should  govern  appropriate  water  quantity  controls, 
the  following  general  recommendations  are  made: 

• If  there  is  a potential  flood  hazard  directly  downstream  from  a proposed  site, 
water  quantity  control  must  be  implemented. 

•-  If  the  development  is  located  in  the  headwaters  area,  the  post-development  peak 
flow  rates  should  be  controlled  to  pre-development  levels. 
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• If  the  development  is  located  in  the  lower  reaches  of  the  watershed/subwatershed, 
quantity  control  may  not  be  required.  This  is  because  runoff  from  the  lower 
reaches  of  the  watershed  may  have  discharged  before  the  main  flood  arrives. 

Typically  water  quantity  targets  aim  to  control  post-development  peak  flows  for  the  2- 
5-  25-  and  100-year  storms  to  pre-development  levels. 

2.S.4.2  Water  Quality 

A required  storage  volume  can  be  established  based  on  the  sensitivity  of  the  receiving 
water  aquatic  habitat  and  the  level  of  development  or  imperviousness  proposed.  For 
example,  in  Ontario,  aquatic  sensitivities  or  "levels  of  protection"  required  are  based  on 
the  Ontario  Ministry  of  Natural  Resources ’(MNR)  1994  "Fish  Habitat  Protection 
Guidelines  For  Developing  Areas".  Other  provincial  and  state  governments  have  similar 
guidelines.  Table  2-2,  which  is  taken  from  the  Ontario  Stormwater  Management 
Practices,  Planning  and  Design  Manual  developed  in  1994=^^4he  Ontario  Ministry  of 
Environment  and  Energy  (MOEE),  presents  examples  of  watef^ualitj^  control  criteria  for 
meeting  these  levels  based  on  receiving  water  sensitivities  anc^k^j^ls  of  development. 
So  far  in  Alberta,  stream  classification  has  not  ^#en  carried  out.  However,  the  Ontario 
examples  discussed  below  can  be  used  as  a gui^e  Jbr  determining  storage  requirements. 
Storage  requirements  may  need  to  be  increaseE<4o  accommodate  snowmelt  for  the 
conditions  in  Alberta.  \ 

Level  1 Protection 

Type  1 habitats  support  the  overall  ft^e^es  productive  capacity  and  include: 

• Spawning  areas  species  with  stringent  spawning  requirements 

• Essential  rearin^areas 

• Highly  productiv'd^eeding  areas 

• Re^ges 

• Co^a^jricted  migration  routes 

• HAit^.^supporting  endangered,  threatened,  or  vulnerable  species 

• Gr^nd^tter  recharge  areas  supporting  cold  water  streams 

Level  2 Protection 

Type  2 habitat  is  generally  abundant  and  is  not  the  limiting  factor  for  a species’ 
productive  capacity.  Examples  include: 

• Feeding  areas 

• Areas  of  unspecialized  habitat 

• Pool-riffle-run  complexes 
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Level  3 Protection 


Type  3 habitat  has  a low  capacity  for  fish  production  and  does  not  have  a reasonable 
potential  for  enhancement.  Examples  include: 

• Municipal  drains 

• Highly  altered,  hardened,  or  polluted  watercourses 

• Artificial  drainage  swales 

Level  4 Protection 

Level  4 protection  is  the  minimum  level  of  water  quality  control  acceptable  and  is 
intended  only  for  retrofit  and  redevelopment  situations. 

Recreational  Concerns 

Recreational  activities  that  involve  water  contact,  such  as^winmimg,  may  require 
additional  upstream  water  quality  controls  such  as  ultraviolet  disinfection.  The 
requirement  for  additional  controls  will  depend  op^^the  impact  of  the  stormwater  discharge 
on  the  recreation  area.  The  impact  is  related  to  t%  ^stance  between  the  development  and 
the  recreation  area  and  the  size  of  the  conti^ting  drainage  area  upstream  of  the 
recreation  area  compared  to  the  size  of  development^^ater  quality  monitoring  programs 
may  be  desirable  to  determine  the  level  of  impact. 


Temperature  Concerns 

I V 

Urbanization  causes  an  increase  in  the'"  temperature  of  runoff  waters.  The  storage  and 
discharge  of  runoff  thrcp^  ponds  can  further  increase  water  temperatures  downstream. 
In  areas  where  there  is^temperature  concern  in  receiving  waters  and  no  higher-level  plan 
is  in  place,  the  followinf^itigative  measures  may  be  implemented: 


A vegetative  strategy  is  implemented  to  provide  maximum  shading. 

Facility  configuration  designed  such  that  large,  open  areas  of  water  are  minimized. 
Alternative  site  planning  techniques  are  investigated. 


O ling  is  provided. 


Si  T lot  level  controls  are  maximized. 
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Table  2-2 

Water  Quality  Storage  Requirements  Based  On  Receiving  Waters 

Protection 

Level 

SWMP  Type 

Storage  Volume  For  Impervious  Level 
(mVha) 

35% 

55% 

70% 

85% 

Level  1 

Infiltration 

25 

30 

35 

40 

Wetlands 

80 

105 

120 

140 

Wet  pond 

140 

190 

225 

250 

Dry  pond  (batch) 

140 

190 

210 

235 

Level  2 

Infiltration 

20 

20 

25 

30 

Wetlands 

60 

70 

\,4o 

90 

Wet  pond 

90 

110 

150 

Dry  pond  (batch) 

60 

r^8o 

95 

110 

Level  3 

filtration 

20 

20 

20 

Wetlands 

60 

60'^ 

60 

60 

Wet  pond 

/-6Q 

75 

85 

95 

Dry  pond  (batch) 

50 

55 

60 

Dry  pond 

90 

150 

200 

240 

Level  4 

Infiltration 

Xv 

15 

15 

15 

15 

Wetlands 

60 

60 

60 

60 

^y.^^ond 

60 

60 

60 

65 

I^  po|M  (batch) 

25 

30 

35 

40 

Dry  pond 

35 

50 

60 

70 

Notes: 

1.  From  MOEE  Stormwater  Management  Practices,  Planning  and  Design  Manual, 
1994 

2.  For  wetlands  and  wet  ponds  all  of  the  storage,  except  for  40  m^/ha,  represents  the 
permanent  pool  volume.  The  40  m^/ha  represents  extended  detention  storage.  All 

- values  are  based  on  specific  design  parameters  and  24  hour  detention. 
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Erosion  Potential 


In  the  watershed  planning  process  it  is  normal  practice  to  estimate  the  erosive  potential 
of  a variety  of  storms  under  different  development  conditions.  The  preferred  approach 
for  addressing  erosion  concerns  is  at  the  watershed/subwatershed  planning  level  through 
the  use  of  continuous  simulation  to  determine  the  pre-  and  post-development  exceedance 
of  a watercourse’s  "erosive  index"  (based  either  on  tractive  force  or  velocity-duration 
data).  At  the  development  level,  a similar  tractive  force/permissible  velocity  analysis  can 
be  applied  using  a design  storm  of  a specific  depth  over  the  catchment.  In  Ontario,  for 
example,  the  design  storm  is  the  4-hour  Chicago  Distribution  25-mm  storm.  The  derived 
extended  detention  volume  suitable  for  erosion  control  should  be  compared  to  the  water 
quality  control  criteria  and  the  greater  of  the  two  should  be  used  for  design. 

Erosion  is,  however,  a complex  natural  process  that  is  difficult  to  predict.  The  use  of  a 
design  storm  of  a specific  depth  in  place  of  a continuous  simulation  does  not  take  into 
account  change  to  the  hydrologic  cycle  (that  is,  flow  duratio|is)s  induced  by  development 
or  pre-development  conditions  of  the  receiving  water  strearf%hat  is,  bank  stratigraphy, 
channel  slope,  or  channel  cross-section).  A level  of  confidenc^^ig,Ae  use  of  a storm  of 
a specific  depth  as  design  criteria  for  erosion  cqjyu-ol  can  be  obtained  by  determining  the 
erosive  index  of  the  stream  under  pre-developi^e^  and  post-development  conditions  for 
the  design  storm  event.  Comparison  of  the  two  ibexes  will  provide  a relative  assessment 
of  the  change  in  erosive  potential. 

2.S.4.4  Baseflow  Maintenance 

Watershed/sub  watershed  plans  are  '^alsq  'the  preferred  level  of  study  for  integrating 
recharge  concerns  with  stormwater  management.  In  the  absence  of  this  level  of  planning, 
as  a minimum,  no  rupoff  from  a 5 -mm  storm  should  occur  from  any  development 
(excluding  roads). 

% 

SWMP  options  may  include: 

X 

• ei^hasis  on  site  planning  opportunities 

• M^cimjhi  use  of  on-lot  and  conveyance  controls 

• Use  m infiltration  techniques  where  appropriate 

2.5.5  SWMP  Selection 

The  goal  of  stormwater  management  is  to  preserve  the  natural  hydrologic  cycle. 
Watershed/sub  watershed  plans  will  recommend  appropriate  SWMPs,  including  the  volume 
of  control  required,  to  ensure  the  cumulative  impacts  of  development  (flooding,  water 
quality  degradation,  erosion  problems,  loss  of  baseflow)  are  minimized.  In  the  absence 
of  watershed/subwatershed  planning,  SWMP  selection  should  still  aim  to  maintain  the 
natural  hydrologic  cycle,  thus  minimizing  potential  impacts  to  downstream  water  and  land 
resources.  In  trying  to  maintain  the  natural  hydrologic  cycle,  the  following  approach 
should  be  taken  in  selecting  appropriate  SWMPs: 
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Screen  stormwater  lot  level  controls  for  implementation. 

Assess  stormwater  conveyance  controls  for  implementation. 

Implement  end-of-pipe  stormwater  management  facilities  to  address  remaining 
concerns. 
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Section  3 

Drainage  Systems  for  Urban  Areas 


3.0  Drainage  Systems  for  Urban  Areas 


This  section  describes  the  various  elements  that  make  up  a typical  urban  drainage 
system.  The  basic  concept  of  dual  drainage,  level  of  service,  design  capacities,  and 
stormwater  runoff  control  alternatives  are  described.  The  application  and  design  of  Best 
Management  Practices  (BMPs)  to  improve  the  operating  functions  of  these  drainage 
elements  are  described  in  Section  6.  A proper  urban  drainage  system  design  integrated 
with  appropriate  BMPs,  either  as  stand  alone  facilities  or  in  combination,  will  provide  a 
solution  to  the  stormwater  management  concerns  at  a particular  site. 

3.1  The  Dual  Drainage  Concept 

Traditional  stormwater  drainage  systems  have  consisted  primarily  of  underground  pipes 
and  related  works  designed  to  transport  flows  for  relatively  minor  rainstorms.  "Minor" 
in  this  context  means  the  most  severe  storm  that  would  be  expected  to  occur,  on 
average,  once  in  a period  of  (for  example)  5 years.  Alth^^  return  periods  varying 
from  2 to  10  years  are  used  as  design  standards  in  differerils^unicipalities,  the  most 
common  design  criteria  for  the  underground  pipe  system  has\^ei  the  5-year-retum- 
period  storm.  Historically,  there  was  little  or  np^consideration  given  to  controlling  the 
runoff  from  larger  storms.  During  major  event^  peaning  larger  than  the  5 -year  storm, 
numerous  flooding  problems  typically  occurred^"^^  ^ 

The  solution  to  the  problems  that  occurred  during  these  infrequent  but  large  events  has 
been  to  make  allowances  for  majoj^^^vents  in  the  planning  and  design  of  new  land 
developments.  The  division  of  storin^%ato  minor  and  major  events  and  the  realization 
that  separate  systems  (the  minor  ai^  ilijor  systems)  are  required  for  each  became 
known  as  the  "dual  drainage"  concept  fPigure  3-1).  The  minor  system  provides  a basic 
level  of  service  by  cony^jng  flows  from  the  more  commori  events.  The  major  system 
conveys  runoff  from^e  extreme  events  in  excess  of  the  minor  system  capacity 
(providing  flood  protecS^n  usually  up  to  a 100-year-retum-period  storm).  There  is 
always  a ^ajor  system,  v^ether  or  not  one  is  planned.  Failure  to  plan  for  a major 
system  of^^  results  in  unnecessary  flood  damage.  It  is  now  common  practice  to 
provide  tfr  a h|ajor  system  during  the  design  of  any  land  development.  This  does  not 
necessaril^mpjy  an  expensive  stormwater  management  study;  it  is  often  only  necessary 
to  examine  Development  grading  plans  to  ensure  that  there  is  an  overland  flow  path  with 
reasonable  capacity. 

Some  municipalities  require  that  flow  depths  and  velocities  be  calculated  in  the  major 
system.  This  requires  a separate  calculation  for  the  major  and  minor  systems. 
OTTSWMM,  and  its  update  DDSWMM,  is  an  example  of  a computer  model  designed 
to  facilitate  this  type  of  calculation. 

Good  planning  and  design  integrates  the  design  of  a site  and  the  design  of  the 
stormwater  management  facilities  into  one  process.  Similarly,  the  integration  of  BMPs 
into  the  planning  and  design  process  of  the  drainage  system  is  essential  if  an  effective 
stormwater  management  plan  is  to  happen.  This  section  presents  an  introduction  to 
some  of  the  techniques  used  when  designing  a drainage  system  but  should  be  used  in 
conjunction  with  Section  6 which  presents  more  specific  details  relating  to  BMPs.  The 
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Major/Minor  Systems 


BMPs  described  in  Section  6 should  be  applied  when  designing  the  drainage  system. 


3.1.1  The  Minor  System 

The  minor  system  consists  of  those  drainage  works  that  transport  flows  from  minor 
rainstorms  quickly  and  efficiently  from  a catchment,  providing  convenience  drainage. 


The  components  of  the  minor  system  include: 


Roof  leaders, 

Foundation  drains  (occasionally). 

Lot  drainage. 

Gutters, 

Catchbasins,  inlets,  and  leads. 

Underground  pipe  systems. 

Manholes,  junctions,  and  outfalls. 

Storage  facilities. 

Outfall  channels. 

Erosion  protection  and  energy  dijssipators,  and 
Receiving  waters. 


>1 


The  division  of  facilities  into  minor  and  major  sysre^  components  is  not  precise;  some 
components,  roof  leaders  for  example,  carry  flow  during  both  minor  and  major  events. 
Such  components  are  listed  as  part  of  both  systems  since  they  must  be  considered  in  the 
design  of  each.  ^ . 


3.1.2  The  Major  System 


The  major  system  co^ists  of  those  drainage  routes  that  transport  flow  during  major 
storm  events.  Ignorin|^he  major  drainage  system  can  result  in  potentially  serious 
flooding  ,gf  property  during  major  rainfall  events.  The  most  common  age  system  is 
property  ^^age  by  overland  flows.  Unplanned  major  system  runoff  can  also  create 
hazards  1^,  as  it  flows  and  ponds  at  locations  where  residents,  particularly  young 
children,^^^  fhused  to  it.  Open  manholes  whose  covers  have  been  lifted  off  by 
surcharged^form  sewers  pose  another  risk,  as  do  roads  covered  by  water.  Serious 
accidents  can  occur  when  drivers  suddenly  come  upon  flooded  underpasses  and  low 
points. 


The  level  of  analysis  and  the  effort  to  design  facilities  to  transport  major  system  flows 
must  balance  the  relatively  infrequent  occurrence  of  such  events  and  the  seriousness  of 
the  damage  they  cause.  It  is  generally  accepted,  however,  that  the  level  of  effort 
directed  toward  planning  for  major  drainage  events  in  urban  developments  has  been 
insufficient  in  the  past. 

The  components  of  the  major  system  include: 

• Roof  leaders, 

• Lot  drainage, 
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• Roads  and  gutters, 

• Swales, 

• Storage  facilities, 

• Outfall  channels,  and 

• Receiving  waters. 

Level  of  Service 

The  objective  of  urban  drainage  systems  is  to  provide  a high  degree  of  drainage  service 
without  causing  unacceptable  downstream  impacts.  This  must  be  accomplished  at  a 
reasonable  cost,  leading  to  trade-offs  between  cost  and  level  of  service.  The  level  of 
service  provided  by  a system  depends  upon  the  interaction  of  the  various  system 
components.  Problems  caused  by  overloading  the  individual  components  vary  between 
systems. 

In  the  past,  level  of  service  has  been  established  in  a relati^|:ty  simplistic  manner,  by 
designing  underground  pipes  to  carry  the  peak  flow  resulting'^ft^m  a.J-in-5-year  rainfall 
event  and  spacing  catchbasin  inlets  at  suitable  distances.  The  ^o;nlputational  methods 
used  to  size  the  pipe  systems  could  result  in  uij.^en  capacities  throughout  the  system; 
often  the  pipes  in  the  upper  portion  had  capa%j,es  above  the  design  objective  while 
pipes  in  the  lower  portion  had  capacities  bef^^  the  design  objective.  Since  no 
consideration  was  given  to  the  major  events  there  no  consistency  in  the  depths  or 
flows  in  the  major  system  or  the  extent  to  which  flooding  occurred. 

The  operation  of  each  component  of  a. linage  system  must  be  examined  to  establish  an 
even  overall  level  of  service  at  a min%iu#f  cost.  Modem  municipal  drainage  standards 
accomplish  this  through  the  provision  of  specific  criteria  for  each  drainage  system 
component.  Before  es^biishing  such  criteria  it  is  important  to  understand  how  the 
minor  and  major  syste!^  behave,  both  at  and  above  their  nominal  design  capacities. 

\ 

In  many  n^nicipalities,  the  capacity  of  the  minor  system  is  designed  for  the  1 in  5 year 
design  stor^^hile  the  major  system  is  designed  for  the  1 in  100  design  storm.  These 
standards  fnayH^ary  depending  on  the  willingness  of  the  municipality  to  bear  the  higher 
cost  versu^^th^^eneral  acceptance,  or  lack  thereof,  of  flooding  problems.  Some 
municipalities  may  apply  higher  standards  for  its  major  and  minor  system  designs 
because  of  frequent  flooding  problems.  They  are  best  established  by  each  municipality 
and  specified  in  its  drainage  design  manuals. 

A design  should  consider  factors  such  as  safety  margins  versus  cost  savings  when 
determining  whether  to  reduce  pipe  size  in  the  upper  parts  of  the  drainage  system, 
whether  to  use  inlet  control  devices,  or  whether  to  limit  the  number  catchbasins  at 
strategic  locations  on  the  street.  Sometimes  it  may  be  desirable  to  have  a higher  margin 
of  safety  for  a small  additional  cost.  In  general,  storm  sewer  pipe  shall  be  designed  to 
convey  the  design  flow  when  flowing  full  with  the  hydraulic  grade  line  at  the  pipe 
crown  during  a 1 in  5 year  design  storm. 
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3.2.1 


System  Behaviour  During  Minor  Storms 


The  minor  system  should  quickly  and  efficiently  remove  the  runoff  from  rainstorms 
below  its  design  capacity.  This  runoff  comes  primarily  from  the  impervious  surfaces  of 
a catchment:  roofs,  driveways,  parking  lots,  and  roads.  Gutter  flows  are  shallow  and 
enter  the  piped  system  through  catchbasins.  The  runoff  then  travels  downstream 
through  the  pipe  system  to  an  outlet  where  it  may  be  discharged  either  to  a storage 
facility  or  directly  to  a receiving  watercourse. 

3.2.2  System  Behaviour  During  Major  Storms 


At  some  point  during  a major  event  the  capacity  of  the  minor  system  is  exceeded  and 
overland  flow  conveyance  begins.  Depths  of  flow  in  gutters  will  be  deep,  so  at  points 
they  will  overflow  to  overland  flow  routes.  These  routes  are  usually  swales  leading 
either  to  storage  facilities  or  directly  to  receiving  waters.  The  minor  system  may  also 
surcharge  and  flow  under  pressure  at  some  locations.  Th%§hould  not  be  a problem 
unless  weeping  tiles  or  roof  leaders  are  connected  to  the  stofc,  sewpr  system.  During 
the  1 in  100  year  design  storm,  surcharge  in  the  minor  sysHqa/should  not  exceed 
basement  levels  and  the  flow  depth  on  the  stree^should  not  exceed,  for  example,  more 
than  300  mm. 


For  systems  with  weeping-tile  or  roof-leader  connd^|ions  made  inside  the  house,  the 
amount  of  water  entering  the  pipe  system  should  be  limited  to  what  the  system  can 
transport  without  causing  damage  fijther  to  itself,  to  basements,  or  to  downstream 
receiving  waters.  If  inflows  are  rK)t:^ptoperly  regulated,  sewer  systems  flowing  in  a 
surcharged  condition  will  result  in  ^e  llckup  of  water  with  the  potential  to  cause 
basement  flooding  or  structural  damage.  Water  can  enter  basements  through  the 
connections  or  cracks  o^^en  Joints;  for  well-sealed  floors,  a pressure  head  of  as  little 
as  0. 1 5 m of  water  is  S^|fficient  to  crack  the  concrete. 


3.2.3  System  B^aviour 

A properlf  deigned  dual  drainage  system  should  be  able  to  function  effectively  well 
beyond  its^esi^^standard.  The  open  channels  and  detention  facilities  that  make  up  the 
major  system  will  flow  at  depths  and  velocities  greater  than  desirable,  but  apart  from 
increased  erosion  in  some  areas  there  should  be  no  appreciable  damage.  If  structures 
are  sited  well  above  the  design  flood  level,  they  should  not  be  flooded  except  during  the 
most  extreme  events. 


3.3  Design  Capacities 

As  noted  in  Section  3.2,  the  selection  of  nominal  design  capacities  is  dependent  on  the 
level  of  service  desired,  which  may  vary  from  one  municipality  to  another.  Economic 
analysis  is  rarely  conducted  to  determine  the  optimal  design  event  for  drainage  facilities; 
considerations  and  common  practice  related  to  setting  design  capacity  requirements  are 
outlined  in  the  following  sections. 
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3.3.1  Minor  System  Design  Capacity 


The  establishment  of  capacity  criteria  for  the  minor  system  is  largely  a trade-off 
between  cost  and  convenience  in  terms  of  level  of  service.  From  a convenience  point  of 
view  it  is  desirable  to  set  the  standard  on  the  high  side,  say  the  10-year  capacity.  This, 
however,  can  become  quite  costly  because  of  the  increased  pipe  and  excavation  costs 
and  possibly  greater  costs  for  downstream  flow  controls  in  comparison  to  a 5 -year 
capacity. 


In  the  larger  urban  centres  in  Alberta,  the  return  period  for  minor  system  design  most 
commonly  used  is  the  l-in-5-year  event.  It  has  been  argued  that  the  10-year  event 
should  be  considered.  As  stated  above,  implementing  either  level  of  service  is  largely  a 
balance  between  cost  and  convenience. 


3.3.2  Major  System  Design  Capacity 


There  is  more  variation  in  the  selection  of  design  standat"^  for  the  major  system 
because  the  concept  of  the  major  system  is  comparatively  receft^.^^yhe  most  commonly 
used  major  system  design  event  is  the  1 00-year  j^ent  and  is  recommended  for  Alberta. 


3.4  Drainage  System  Components 


\ 


The  previous  sections  have  discussed  the  minor  and  major  systems  in  terms  of  their 
overall  behaviour  during  runoff  evepj^  both  at  and  above  their  design  capacities.  This 
section  discusses  the  individual  ^njpqnents  of  the  systems  and  the  considerations 
relevant  to  their  design. 


3.4.1  Roof  Leaders 


The  most  common  meah$  to  accommodate  roof  drainage  in  Alberta  is  to  direct  it  to 
ground  tlmt  is  graded  a\^y  from  the  building.  In  a few  systems,  roof  leaders  are 
connected  ^^ectly  to  the  storm  sewer.  The  latter  practice  can  result  in  very  large  flows 
in  the  r^nt^system  and  requires  that  the  capacity  of  the  system  be  increased 
according’fe  R^bf-leader  connection  to  the  minor  system  is  discouraged  or  prohibited  in 
most  jurisdictfbns.  Most  favour  the  discharge  of  roof  leaders  onto  grassed  areas, 
sometimes  by  means  of  "splash  pads",  well  away  from  house  walls.  Discharging  to 
pervious  areas  reduces  the  volume  of  runoff  through  infiltration  and  retards  it  through 
overland  flow.  Surface  discharge  of  roof  leaders  is  recommended  by  Alberta 
Environment. 


3.4.2  Foundation  Drains 

Foundation  drains,  sometimes  called  "weepers"  or  weeping  tiles,  are  the  source  of  many 
urban  drainage  problems  as  they  have  the  potential  to  cause  basement  flooding.  This 
can  occur  when  they  are  connected  to  either  the  storm  or  sanitary  sewer  systems. 

On  the  Prairies,  common  practice  in  the  past  was  to  discharge  foundation  drainage  from 
weeping-tile  systems  to  the  sanitary  sewer.  This  practice  relied  on  a small  flow 
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contribution  from  weeping  tiles  due  to  the  low  permeability  of  most  soils  native  to  the 
Prairies.  If  the  sanitary  sewer  system  is  a "tight"  system  (that  is,  minimal  leakage  into 
the  system  from  poor  lot  drainage,  manhole  inflow,  cross  connections,  and  the  illegal  or 
inadvertent  connection  of  roof  drainage)  then  this  method  works  well. 

The  practice  of  connecting  foundation  drainage  to  the  sanitary  sewer  system  is  a 
problem  where  poor  lot  grading  exists.  Foundation  drainage  should  be  accommodated 
by  discharge  to  groundwater  through  a gravel-packed  recharge  well  (although  this  is  not 
feasible  in  areas  with  impervious  subsoils)  or  by  use  of  a sump  pump  system. 


3.4.3 


3.4.4 

Proper  lot  drainage  is  ^^^^essential  component  of  good  stormwater  management.  It  is 
important  that  the  gra^^  adjacent  to  new  buildings  be  sufficient  to  allow  for  settlement 
of  the  fill  and  maintenarii^  of  positive  drainage  away  from  the  structure.  In  many  older 
areas,  roo^drainage  runs  out  of  the  leaders  only  to  flow  back  to  the  house  and  down  the 
basement  ^sdl.  This  causes  basement  wetness  and,  in  severe  events,  can  cause  backup 
of  the  sanltai^ewer  in  areas  where  the  foundation  drains  are  connected  to  it.  In  some 
drainage  ^^er^t  rear  lot  drainage  is  picked  up  by  catchbasins  along  the  rear  lot  lines. 
This  is  acceptable  only  under  extenuating  circumstances  (due  to  high  maintenance 
costs).  The  homeowner  should  also  ensure  that  the  ground  elevation  around  building 
perimeters  is  well  above  the  levels  expected  in  the  major  system. 

3.4.5  Catchbasins 

The  spacing  and  capacity  of  the  catchbasins  should  be  such  that  the  widths  and  depths 
of  flow  in  the  gutters  are  acceptable  during  minor  events.  The  relationship  between  the 
amount  of  water  reaching  an  on-grade  catchbasin  and  the  amount  that  enters  the 
catchbasin  is  called  its  "capture  ratio".  Proper  spacing  and  capture  ratio  are  important 
considerations  in  ensuring  that  the  minor  system  provides  the  intended  level  of  service. 

Catchbasins  should  be  constructed  with  a sump  that  will  trap  silt  and  other  settleable 
debris  that  can  pass  through  the  grating.  If  a municipal  storm  sewer  system  is  designed 


In  Alberta,  it  is  recommended  that  each  municipality  carefully  consider  its  own 
situation.  If  the  local  soils  are  permeable  and  the  water  table  is  high  then  a detailed 
evaluation  of  servicing  by  either  connection  to  the  storm  sewer  (with  catch  basin  inlet 
controls  and/or  sewer  backup  valves),  sump  pumps,  or  three-pipe  systems  should  be 
carried  out. 

% / 

Sump  Pumps 


Sump  pumps  can  be  used  for  foundation  drainage,  including  existing  systems  that 
experience  storm  or  sanitary  sewer  backup.  Th4|9»ndation  drainage  flows  to  a sump  in 
the  basement  and  is  removed  by  the  pump.  pumps  shall  not  be  discharged  to 

sanitary  sewer  systems  as  the  simultaneous  discharl^pf  several  sump  pumps  can  cause 
overloading.  AEP  recommends  that  sump  pumps  discharge  to  the  ground,  and  that  the 
ground  be  properly  graded  away  frotnJhe  house. 


Lot  Drainage 
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for  self-scouring  velocities,  and  the  catchbasin  sumps  are  not  cleaned  regularly,  it  is 
recommended  that  sumps  be  excluded  in  the  design  of  new  systems. 


3.4.6  Pipe  Systems  and  Outfalls 

There  is  an  abundance  of  literature  and  standards  dealing  with  the  design  of 
underground  sewer  pipe  systems.  If  the  amount  of  water  entering  such  systems  is 
properly  regulated,  the  systems  can  be  expected  to  perform  as  designed.  The  main 
difference  between  traditional  and  recent  design  practice  is  the  consideration  of  inlet 
controls  and  the  analysis  of  the  behaviour  of  the  system  under  major  events. 

When  designing  the  pipe  system,  minor  losses  such  as  manholes,  bends,  drops,  etc. 
should  be  considered  as  these  can  have  a significant  impact  on  the  hydraulics  in  the 
system. 


3.4.7 


3.4.8 


The  analysis  of  erosion  problems  at  outfalls  is  now  quite^cgmmonplace,  with  erosion 
protection  and  energy  dissipators  constructed  as  necessary  al^utfaljs. 


Three-Pipe  Systems 


An  alternative  solution  to  the  problem  of  founda'i^n  drainage  is  to  employ  a third  pipe 
that  carries  only  foundation  drainage.  This  proves  good  and  virtually  fool-proof 
drainage  to  basements  and  allows  the  storm  sewers  to  surcharge  with  virtually  no 
consequences.  In  systems  where  j^^eping  tiles  are  normally  connected  to  the  storm 
sewer,  the  three-pipe  system  may  illpw-^  2-year  capacity  for  the  storm  sewer  and  may 

enough  to  justify  the  cost  of  the  third  pipe. 


reduce  the  cost  of  storm  sewer  sei 


Support  for  such  a system  is  by  no  means  unanimous,  although  it  has  been  successfully 
applied  in  some  areas  ^4  does  provide  reliable  protection  to  basements.  However,  as 
this  system  requires ^^^other  lead  to  the  house,  there  is  the  possibility  of  cross- 
connection  between  the\anitarv  sewers  and  foundation  drains. 


of  a 100-year  event,  flows  will  likely  fill  local  roads  entirely; 
than  0.30  m at  the  gutter  are  desirable.  Standing  water  at  low 
points  should  not  exceed  0.50  m or  extend  to  adjacent  buildings.  For  arterial  roads,  the 
depths  of  flow  should  be  less;  typical  criteria  are  that  two  lanes  of  traffic  remain  open 
and  that  the  depth  of  flow  be  not  greater  than  0.05  m where  major  drainage  flows  cross 
arterials.  No  buildings  should  be  allowed  in  the  area  flooded  by  the  major  event  unless 
they  have  been  specially  designed  with  flood-proofing  techniques  to  withstand  flood 
waters. 


Roads 

During  tf 
flow  depths  "of  no  more 


3.4.9  Gutters  and  Swales 

Gutters  convey  flow  to  the  catchbasins  during  minor  rainfall  events.  During  these  events 
the  depths  of  flow  are  usually  small  and  of  little  consequence.  During  major  events,  the 
much  higher  flows  are  conveyed  in  the  gutters  and  in  overflow  swales.  In  these 
instances,  the  velocities  and  depths  of  flow  should  be  examined  more  carefully. 
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Velocities  in  overland  channels  should  be  minimized.  The  force  of  moving  water  on 
objects  in  its  path  increases  with  the  square  of  velocity.  Table  3.1  lists  approximate 
flow  depths  that  a child  (20  kg)  would  be  able  to  withstand  while  standing  in  a concrete 
bottom  channel  or  gutter  flowing  at  the  selected  velocities.  If  the  public  has  access  to 
the  flow  route,  these  combinations  of  gutter  velocity  and  flow  depth  should  not  be 
exceeded  in  open-channel  design. 


Table  3-1 

Permissible  Depths  for  Submerged  Objects 

Water  Velocity 
(m/s) 

Permissible  Depth 
(m) 

0.5 

0.80 

1.0 

%.  ,.0-32 

2.0 

3.0 

0.09 

Note:  Based  on  a 20-kg  child  and  concrete-li^J  channels. 

Larger  persons  may  be  able  to  withstand  '%eper  flows. 

3.4.10  Receiving  Waters 


Consideration  of  the  impacts  of  stormwater  discharges  on  receiving  waters  should  be 
implicit  in  modem  stont^water  management,  with  erosion,  flooding,  and  water  quality 
being  the  main  concei^  as  discussed  in  Section  4.2.  It  is  important  to  recognize  that 
receiving  waters  form  \ part  of  the  drainage  system,  and  that  the  consideration  of 
drainage  does  not  end  at  t%e  boundary  of  the  development  under  design. 


3.4.11  Super-pi 


Super-pipes'^^^fscussed  in  more  detail  in  Section  3.5.2)  are  sewers  that  have  been 
oversized  to  provide  storage  for  runoff  control.  They  are  occasionally  used  in  areas  of 
existing  development  where  tmnk  sewers  are  overloaded  and  the  cost  of  land  is  high. 


3.4.12  Outfall  Channels 


In  many  cases  urban  development  does  not  extend  to  a receiving  water  body.  In  such 
cases  outfall  channels  or  ditches  are  the  most  economical  means  of  conveying 
stormwater  to  the  receiving  water  body.  The  use  of  open  channels  within  the  urban 
developments  has  generally  been  avoided  due  to  safety,  poor  aesthetics,  or  high 
maintenance  costs.  Higher  land  values  also  reduce  the  economic  advantages  of  channels 
within  urbanized  lands.  There  are  some  potential  uses  for  open  channels  in  stormwater 
management  for  urban  areas  in  association  with  dry  ponds  as  discussed  in  the  next 
section. 


112\25615\995.S3 


3-9 


3.5 


Runoff  Control 


The  need  for  runoff  control  is  discussed  in  Section  4.2.  Urban  land  developments 
greatly  increase  the  volume  and  rate  of  runoff,  mainly  as  a result  of  the  large  areas  of 
impervious  surfaces  that  they  contain  in  the  form  of  roofs,  driveways,  parking  lots,  and 
roads.  The  increased  rate  of  runoff  can  usually  be  controlled  by  means  of  stormwater 
storage  facilities  that  temporarily  store  the  excess  runoff  and  release  it  at  a controlled 
rate.  Normally,  little  can  be  done  about  the  increased  volume  of  runoff  except  in  those 
few  areas  where  infiltration  or  evaporation  facilities  are  feasible. 

The  forms  of  runoff  control  include: 

• Wet  ponds, 

• Dry  ponds, 

• Parking  lot  storage, 

• Rooftop  storage, 

• Super-pipes, 

• Catchbasin  inlet  controls, 

• Infiltration  areas, 

• Soak-away  pits, 

• Cisterns, 

• Evaporation  areas/ponds, 

• Splash  pads  to  pervious  areas,  and 

• Regulations  limiting  impervious  areas. 

3.5.1  Detention  Ponds 


3.5.1.1 


As  detention  ponds  arejh^  most  commonly  used  form  of  runoff  control,  a discussion  of 
design  considerations-^^r  these  facilities  is  relevant.  Detention  ponds  are  also  further 
identified  as  being  eith^^wet  or  dry  ponds.  Wet  ponds  are  popular  in  many  areas 
largely  because  they  provide  an  aesthetic  and  recreational  amenity. 

\ 

ives  and  Effectiveness 


Most  ponds  are  designed  to  control  runoff  for  a range  of  storms  to  meet  erosion  or  flood 
control  objectives.  More  recently,  ponds  have  been  considered  for  water  quality 
improvement.  Identifying  the  objective  of  the  facility  is  the  most  important  and 
sometimes  most  neglected  stage  of  the  design  process.  Establishing  objectives  normally 
means  a review  of  the  characteristics  of  the  receiving  water. 


A common  objective  for  a stormwater  pond  has  been  the  matching  of  post-development 
to  pre-development  peak  flows.  This  simple  matching  of  pre-  and  post-development 
peak  flows  is  not  always  an  appropriate  objective.  Even  if  peaks  are  properly  matched, 
the  duration  of  flow  under  post-development  conditions  will  be  many  times  longer  than 
for  pre-development  conditions.  Events  that  previously  caused  only  minor  erosion  as 
the  peak  quickly  passed  through  the  system  in  the  pre-development  condition  can  cause 
extensive  erosion  damage  after  development.  Also,  the  season  of  peak  discharge  may 
be  changed.  In  many  watersheds  the  maximum  annual  flows  are  caused  by  snowmelt. 
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Urban  development  in  part  of  the  watershed  may  result  in  several  periods  of  high  flow 
during  a year,  one  in  the  spring  during  the  snowmelt  and  several  others  as  summer 
storms  occur  over  the  urban  areas.  This  can  cause  serious  problems  for  farmers  using 
low-lying  land  adjacent  to  watercourses. 

In  large  urbanizing  areas  the  effects  of  many  ponds  on  downstream  flood  peaks  also 
need  to  be  considered  at  a watershed  drainage  plan  scale.  Normally,  peak  flows  from 
different  areas  of  a watershed  do  not  coincide  at  a downstream  point  due  to  different 
travel  times  and  variations  in  the  rainfall  distribution  over  a larger  watershed.  With  a 
large  number  of  storage  facilities  on  a watershed  discharging  their  peak  flows  for  long 
durations,  the  peaks  will  become  concurrent  and  directly  additive.  This  has  the  potential 
for  large  increases  in  downstream  flow. 


3.5. 1.2  Wet  Ponds 


Wet  ponds  are  usually  built  for  storage  of  stormwater  runcrff  j^move  pollutants  and  to 
flatten  and  spread  the  inflow  hydrograph,  thus  lowering  peak=^8ischar^es.  Attenuation  is 
provided  by  storing  the  runoff  peak  flow.  Removal  of  pollutai^^y-  accomplished  by  a 
number  of  physical,  chemical,  and  biologic|d'  processes  such  as  sedimentation, 
flocculation,  and  metabolism  by  microorganism4apd  aquatic  plants.  Wet  ponds  are  also 
provided  to  enhance  the  value  of  adjacent  prop^^es  fronting  on  to  the  resulting  lake. 
They  are  designed  to  be  aesthetically  pleasing,  with\urving  shapes  and  even  islands. 


Outlet  facilities  for  ponds  can  consis^pf  a concrete  weir,  a berm  with  culverts  at  several 
levels,  a mid-pond  draw-off,  or  anf  of  a variety  of  other  outlet  structures.  Sides 
lopes  are  typically  grassed.  Howeveirippap  or  gabion  erosion  protection  shall  be  used 
where  erosive  wave  action  is  a concern.  Various  edge  treatments  are  also  used  to 
minimize  onshore  wee4=^;::growth  and  maintain  aesthetics.  The  pond  side  slopes  are 
normally  kept  flat,  typjcally  between  5:1  (H:V)  to  7:1  (H:V),  to  reduce  the  risk  of 
slipping  on  wet  grass  aM.  falling  into  the  water.  There  is  a trade-off  involved  here, 
however,  as  overly  flat side  slopes  require  more  extensive  edge  treatment  to 
accommo(&^  movement  of  the  water’s  edge  during  small  rain  events  or  extended  dry 
periods. 


Inlet  pipes  ir^  enter  a pond  at  different  levels.  In  some  areas  the  prime  concerns  are 
the  avoidance  of  the  effects  of  submergence  on  pipe  hydraulics  and  siltation,  while 
others  feel  that  the  aesthetics  of  the  pond  are  improved  if  pipes  have  their  inverts  below 
the  normal  water  level.  For  Alberta  the  pond  inlet  pipes  should  be  submerged  with  their 
crowns  below  the  anticipated  ice  level.  Large-diameter  inlet  pipes  may  need  special 
considerations  (for  example,  multiple-pipe  inlets).  A manhole  should  be  located  as  near 
to  this  inlet  as  possible,  but  at  a location  where  the  ground  elevation  is  above  the  design 
high  water  level.  Only  the  inlet  pipe  should  be  submerged;  all  other  pipes  upstream 
should  flow  without  backwater  effects  during  the  minor  system  design  events 
(Figure  3-2). 


Water  quality  aspects  of  wet  ponds  are  discussed  in  Section  6. 
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POND 

INLET/OUTLET 


3.5.1.3  Dry  Ponds 

Dry  ponds  that  only  contain  water  during  runoff  events  and  for  a short  time  after  are 
gaining  in  popularity.  While  many  of  the  design  considerations  for  dry  ponds  are 
similar  to  those  for  wet  ponds  there  are  important  differences. 


The  primary  reason  for  using  dry  ponds  is  to  maximize  land  use  through  dual  usage  of 
land  dedicated  for  recreational  uses.  Large  grassed  areas  such  as  football  fields  and  ball 
diamonds  can  provide  large  storage  capacities  at  relatively  shallow  depths.  In  some 
cases,  municipalities  have  employed  dry  ponds  to  avoid  potential  water  quality  and 
maintenance  problems  associated  with  wet  ponds.  However,  post-runoff-event  cleanup 
and  time  lost  for  recreational  use  should  be  considered  in  evaluating  the  suitability  of 
dry  ponds.  In  addition  to  removal  of  silt  and  debris,  restoration  of  minor  damage  to 
landscaping  and  facilities  may  be  required.  Debris  management  is  important  as  poor 
management  can  have  negative  effects  on  pond  water  quality.  Thus,  dry  ponds  are  often 
not  suitable  if  normal  rainfall  events  would  cause  frequent ^u^dation. 

Siting  requirements  for  dry  ponds  tend  to  be  less  restrictive  tS^Aose  for  wet  ponds. 
In  particular,  the  aesthetic  impacts  of  size  an^?>shape  are  rarely  significant.  In  some 
cases  it  may  be  possible  to  retrofit  dry  po^d^  into  open  space  areas  in  existing 
developments.  The  dry  pond  storage  concept  (^l^^also  be  applied  in  a very  linear  form, 
such  as  a floodplain,  or  a natural  or  manmade  cH^nel  used  for  stormwater  drainage. 
By  designing  hydraulic  constrictions  into  the  channel,  discharge  rates  can  be  regulated 
forcing  temporary  storage  during  mjjpr  runoff  events.  This  approach  is  the  basis  of  the 
blue-green  concept  of  integrating^' s^tei water  facilities  with  linear  parks.  Also,  dry 
ponds  are  normally  offline  facilities  tlJV  are  only  inundated  when  the  sewer  system 
capacity  is  exceeded. 

Since  dry  ponds  are  dl^igned  to  be  dry  and  useful  for  active  or  passive  recreation, 
adequate  .drainage  is  essential.  Slopes  will  often  be  as  flat  as  possible  to  maximize 
storage  inj^e  pond  without  resulting  in  excessive  depths  at  the  outlet.  Bottom  slopes 
should  b^  at^ast  one  percent  to  facilitate  lateral  drainage.  French  drains  or  shallow 
drainage  pmes^^n  be  used  to  prevent  flatter  sections  from  remaining  wet  for  prolonged 
periods  of  time. 


In  all  areas  of  the  pond,  slopes  should  be  flat  enough  to  facilitate  grass-cutting  and 
reduce  the  risk  of  slipping  into  the  pond  when  it  contains  water.  It  is  particularly 
important  to  have  adequate  signage  in  dry  ponds  warning  against  the  dangers  of  sudden 
flooding.  Painted  markers  at  several  locations  showing  the  maximum  water  levels  will 
give  some  idea  of  the  possible  extent  of  flooding. 


3.5.1.4  Safety 

The  use  of  stormwater  management  facilities  poses  new  hazards  in  the  urban 
environment.  As  with  any  relatively  new  concept  or  product,  it  can  be  difficult  to 
identify  what  constitutes  an  acceptable  level  of  risk  and  good  engineering  practice.  This 
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is  changing  as  stormwater  facilities  become  more  common  features  of  urban 
development. 


3.5.1.5 


Each  component  of  the  drainage  system  poses  its  own  risks.  Children  are  naturally 
attracted  to  water  bodies  of  all  types;  this  must  be  considered  in  the  design  of 
stormwater  management  facilities.  Particular  care  must  be  taken  to  avoid  the  creation  of 
hidden  hazards.  A number  of  safety  related  considerations  are: 

• Ponds  present  an  obvious  hazard  to  non-swimmers  and  skaters.  Signs 

shall  be  posted  that  clearly  indicate  the  nature  of  the  hazards  and  that 
prohibit  the  inappropriate  activities.  ^ 


Outfall  structures  and  energy  dissipators  also  present  serious  risks  and 
may  require  fencing  to  restrict  access.  All  exposed  outfalls  should  be 
grated  to  prevent  entry. 


Pond  side  slopes  should  be  minimized  to  prevdftfe^eoi^e  from  slipping  in; 
side  slopes  of  5:1  (H:V)  to  7:1  (H:V)  up  to  mfe/l 00-year  level  are 
recommended. 


Fencing  of  stormwater  facilities ^l^^st  be  considered  carefully  in  each 
case.  Children  are  expert  at  defeating,  fences  which  may  only  serve  to 
hamper  rescue  efforts.  Not  placing  fences  may,  however,  be  considered 
an  invitation  for  chil^|i  to  use  a facility  and  pose  legal  problems  for 
the  owner. 
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Dry  ponds  pose  an  unusual  hazard  in  that  they  are  normally  dry  areas 
which  m^^pidly  fill  with  water  during  extreme  events.  Children  used 
to  playih|  in  such  areas  may  not  be  aware  of  the  hazard  they  present 
when  fiilD^Owners  should  consider  being  in  attendance  at  dry  ponds 
during  the  period  in  which  they  contain  water. 


Considerations 


Alberta’s  climate  is  continental  and  comparatively  dry.  Winters  are  severe,  and  many 
areas  of  the  province  are  unique.  This  is  particularly  true  in  the  south,  which 
experiences  many  freeze-thaw  cycles  as  a result  of  Chinook  winds.  Summers  are 
characterized  in  most  areas  by  large  variations  in  temperature  throughout  the  day  and 
high  evaporation  as  a result  of  winds,  low  humidity  and  long  hours  of  sunshine.  In  the 
southeast  part  of  the  province,  annual  precipitation  is  very  low  and  the  precipitation 
deficiency  is  high.  Low  precipitation  and  high  evaporation  may  result  in  a need  for 
makeup  water  to  maintain  normal  pond  operating  levels  and/or  acceptable  water  quality 
in  wet  ponds.  This  need  must  be  carefully  evaluated,  as  it  is  not  always  desirable  to  use 
groundwater  as  a source  of  makeup  water.  Groundwater  is  a valuable  resource  in 
Alberta  and  makeup  water  is  not  considered  a high  priority  use.  Proper  side  slope 
treatment,  such  as  lining  a pond  with  a geosynthetic  or  clay  liner,  can  usually  overcome 
the  need  for  using  makeup  water  to  maintain  a normal  water  level  if  an  aesthetic 
appearance  can  be  maintained  even  when  the  water’s  surface  is  drawn  down  by  0.3  m. 
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Snow  and  ice  may  cause  problems  at  pond  outlet  structures,  and  consideration  must  be 
given  to  avoiding  blockage  of  inlet  and  outlet  works.  The  orientation  of  the  structure  to 
the  sun  may  be  important  in  reducing  ice  buildup.  Snow  and  ice  may  also  block 
channels  and  cause  water  to  flood  adjoining  areas  more  frequently  than  intended.  In 
urban  areas,  impervious  surfaces  tend  to  warm  faster  than  pervious  areas,  so  snowmelt 
may  run  off  the  development  area  to  a pond  or  channel  which  is  filled  with  snow. 
Unique  climatic  factors  must  be  considered  in  each  design.  For  example,  after  the 
stormwater  control  facilities  are  sized  with  design  storms,  detention  ponds  should  be 
checked  to  make  sure  that  they  can  also  contain  a 1 -month  or  2-week  period  of 
snowmelt  within  the  freeboard.  This  would  allow  some  protection  against  freeze-thaw 
cycles  that  may  occur.  Also,  consideration  should  be  given  to  the  operational  history  of 
any  similar  works  built  in  the  area. 

3.5.1.6  Sedimentation 


Sedimentation  must  be  considered  in  the  design  of  both  we^pd  dry  ponds.  Wet  ponds 
must  be  capable  of  being  drawn  down  to  facilitate  sediment  F^f^vafpr  have  facilities  to 
pump  down  the  water  level.  The  means  of  sediment  removal  sh^rf  be  identified  when 
the  pond  is  constructed.  Few  data  are  available  predicting  the  required  frequency  of 
sediment  removal;  this  can  vary  widely  depe^pg  on  the  type  of  land  use  in  the 
catchment  and  whether  or  not  construction  is  occurring  in  the  area.  Ponds  are 
sometimes  separated  into  two  cells,  with  a smalleB^ppper  cell  that  traps  most  of  the 
sediment.  The  cells  are  separated  by  a submerged  berm.  The  upper  area  may 
incorporate  access  for  sediment  remgj^al  equipment  and  can  have  a concrete  surface  to 
facilitate  scraping  or  dredging  to  a fix^^level. 
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Sediment  buildup  in  dry  ponds  may  be'^inore  difficult  to  control  because  the  bottom  of 
the  pond  will  be  grasse^^^|ind  even  a comparatively  small  amount  of  sediment  may  be 
unacceptable  aesthetica%  considering  the  recreational  uses  of  the  pond.  One  solution  is 
to  intercept  at  least  the^arser  sediment  before  it  reaches  the  pond  by  trapping  it  in 
large  "cleq^-out"  catchbasins  or  larger  sediment  traps  at  the  inlets  to  the  pond.  Another 
solution  is  %^se  the  bypass  concept  in  the  pond  design.  Here,  sediment  deposits  on  the 
grass  will^cchi^^only  after  major  events  (Figure  3-2). 

3.5.1. 7 Recreanon  and  Aesthetics 


Properly  designed  stormwater  management  facilities  can  provide  recreational 
opportunities  and  enhance  community  aesthetics.  While  the  water  quality  of  urban 
ponds  is  generally  not  suitable  for  body-contact  recreation,  ice-skating  may  be  possible 
in  areas  of  the  province  where  adequate  ice  thickness  can  be  maintained  for  a 
sufficiently  long  period  of  time  and  the  water  level  can  be  kept  constant  to  prevent  ice 
breakup  from  uplift.  This  type  of  use  places  a responsibility  and  an  associated  legal 
liability  on  the  local  authority  for  supervision  and  maintenance,  together  with  the  duty  to 
ensure  safe  conditions. 


The  greatest  secondary  benefit  from  urban  ponds  may  be  their  aesthetic  appeal. 
Properly  landscaped  ponds  can  provide  an  attractive  setting  for  a residential  community. 
Once  the  engineering  considerations  have  been  established,  landscape  architects  should 
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work  with  the  engineers  to  improve  the  shape  and  layout  of  the  pond  while  maintaining 
its  functional  characteristics. 


3.5.2  Other  Runoff  Control  Alternatives 


There  are  a number  of  other  runoff  control  alternatives  available  for  storm  management. 
These  are  discussed  in  the  following  points,  although  not  all  methods  will  be  applicable 
to  Alberta. 


3.5.2. 1 Parking  Lot  and  Rooftop  Storage 


Commercial  and  industrial  developments  normally  contain  parking  lots,  storage  areas, 
and  rooftops  that  have  potential  for  stormwater  storage.  A problem  with  such  facilities 
is  that  they  are  normally  privately  owned.  The  local  authority  may  not  be  able  to 
control  the  illicit  removal  of  flow  controls  that  are  necessary  to  provide  the  ponding,  in 
such  areas,  particularly  on  rooftops.  In  land  developments^here  lots  are  sold  to  third 
parties,  enforcing  the  implementation  of  the  restricted  outfld%.  confols  and  storage  on 
property  is  difficult.  In  commercial  areas  there  may  be  resistancb4^'ponding  on  parking 
lots  because  of  the  fear  of  inconveniencing  shoppers  caught  away  from  their  cars  during 
a rainstorm.  For  these  reasons  privately  o^n§d  storage  facilities  for  stormwater 
management  control  may  not  be  acceptable. 


3.5.2.2 


Super-pipes 


Super-pipes  are  oversized  pipes  provide  underground  storage  in  the  minor 

system.  They  are  normally  used  o|ly  ^here  ponds  are  infeasible  since  the  cost  of 
providing  underground  storage  is  very  High.  Such  locations  would  be  upstream  ends  of 
systems  with  high  densi|yxdevelopment  where  open  space  is  limited  and  land  values  are 
higher.  Sedimentatic^can  be  a serious  problem  in  super-pipes  unless  they  contain 
low-flow  channels,  whic\add  further  expense.  Additional  costs  should  be  included  in 
operation  and  maintenancl  budgets  to  ensure  the  storage  facility  will  be  operational 
when  neeJbd.  Super-pipes  should  also  contain  overflow  sections  to  prevent  upstream 
flooding  ^oul(J  they  become  blocked. 


3.5.2.3 


s,  Soak-away  Pits  and  Infiltration  Ponds 


Cisterns  are  small  covered  tanks  for  storing  water  for  a home  or  a farm;  these  are 
usually  placed  underground.  Cisterns  have  the  potential  to  provide  a high  degree  of 
onsite  stormwater  storage,  but  their  application  is  limited,  probably  because  of  lack  of 
owner  acceptability  and  municipal  control.  They  may  present  a solution  in  areas  with 
limited  room  for  ponds  and  restricted  drainage  outlets. 


Interception  of  roof  drainage  into  cisterns  can  greatly  reduce  peak  flow  rates  to  the 
storm  sewer.  Cisterns  can  be  designed  to  drain  slowly  to  the  storm  sewer,  or  to 
soak-away  pits  (where  soil  conditions  are  suitable). 

Few  areas  in  Alberta  have  soils  with  sufficient  permeability  to  facilitate  the  use  of 
soak-away  pits.  Infiltration  ponds  are  also  limited  in  application  in  urban  areas  due  to 
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the  need  for  large  areas  with  very  permeable  soils.  On  the  scale  of  the  individual  lot,  a 
cistern  could  drain  to  a pervious  area  such  as  a lawn,  but  only  if  the  underlying  soils  are 
sufficiently  permeable. 

3.5.2.4  Evaporation  Ponds 

Evaporation  ponds  also  require  large  areas  to  be  functional.  Evaporation  and  infiltration 
ponds  may  be  viable  in  rural  or  semi-rural  areas  where  land  is  available  and  soil  conditions 
are  suitable. 

3.5.2.5  Limits  on  Imperviousness 

Almost  all  runoff  from  minor  storms  and  a large  portion  of  the  runoff  from  major  storms 
comes  from  impervious  surfaces.  Limiting  the  impervious  area  will  directly  reduce  the 
amount  of  runoff  generated.  However,  since  the  de^ee of  imperviousness  is 
predetermined  by  the  type  of  development  most  economicsjlf  suitable  for  a site,  it  is 
generally  impractical  to  prescribe  limits  on  the  portion  of  a site  t!i^t  npy  be  covered  with 
impervious  surface. 

Porous  pavements  are  also  a possible  means  of|^ucing  runoff  This  type  of  runoff 
control  measure,  while  applicable  to  Alberta,  has'^ndtoeen  widely  used. 


Standards  & Guidelines  Branch 
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Section  4 

Stormwater  Quantity 


4.0  Stormwater  Quantity 

4.1  General 

Stormwater  runoff  involves  the  interaction  of  a number  of  phenomena.  A rigorous 
analysis  of  the  runoff  resulting  from  a given  rainfall  event  involves  a large  number  of 
complex  calculations.  Prior  to  the  general  availability  of  computers,  the  time  and  labour 
required  to  carry  out  such  calculations  could  rarely  be  justified.  Thus,  the  use  of 
simplified  or  approximate  methods  based  on  empirical  relationships  were  commonplace 
and  are  still  firmly  entrenched  in  urban  hydrology. 

Many  of  the  problems  that  have  occurred  in  existing  stormwater  drainage  systems  have 
to  some  extent  resulted  from  the  use  (or,  more  correctly,  the  misuse)  of  empirical 
methods.  However,  there  is  no  guarantee  that  more  sophisticated  methods  will  eliminate 
future  problems.  They  simply  provide  the  ability  to  investigate  the  cause  and  effect 
relationships  both  in  greater  detail  and  with  less  effort.  Qy  important  advantage  of 
stormwater  management  analysis  by  computer  models  is  that^^provides  a common  basis 
of  assessment  for  both  the  developer  and  the  local  authority. 

Considering  the  complexity  of  the  runoff  proce^^^^ny  method  of  estimating  runoff  rates 
and  runoff  volumes  should  be  applied  with  consi^fable  caution.  Such  analysis  requires 
both  an  understanding  of  the  runoff  process  andT'^^e  way  a particular  methodology 
portrays  the  process.  This  section  provides  some  background  for  those  involved  in 
stormwater  management  analysis.  TJit^  rainfall/runoff  phenomenon  is  discussed,  followed 
by  a discussion  of  various  methods  f^f^^stimating  runoff  hydrographs  and  routing  them 
through  drainage  systems.  The  sectid^  c0flcludes  with  a description  of  some  of  the  more 
commonly  used  computer  models  that  are  available  in  the  public  domain. 

4.2  The  Rainfall/Runoffr^ocess 

The  amoimt  and  timing  (J  runoff  from  a watershed  is  a function  of  several  phenomena, 
which  havp^arying  degrees  of  importance  depending  on  the  nature  of  the  system  being 
modelleck  Tnl^^analysis  of  runoff  processes  includes  the  assessment  of  the  precipitation 
event,  int^ep^n  and  depression  storage,  evaporation,  and  infiltration.  These  latter  items 
are  called  losses. 

Interception  storage  is  the  amount  of  precipitation  that  can  be  stored  by  surface  tension 
as  it  adheres  to  the  vegetation  in  the  watershed.  This  water  later  evaporates  into  the 
atmosphere.  This  may  be  1 to  2 mm  in  forested  areas  and  up  to  4 mm  in  cropped  land. 
It  is  a factor  in  the  annual  water  budget  and  can  be  considered  in  rural  runoff  simulation. 
Interception  storage,  however,  is  not  a factor  during  intense,  short-duration  rainfall  events 
that  are  usually  considered  in  urban  runoff  modelling. 

Depression  storage  is  water  retained  in  puddles,  ditches,  and  other  depressions  in  the 
ground  surface.  This  water  may  later  evaporate  into  the  atmosphere  or  infiltrate  into  the 
ground.  For  rural  watersheds  this  factor  is  of  considerable  importance  but  cannot  be 
quantified  based  on  land  use  or  land  form  characteristics.  As  the  nature  of  surfaces  in 
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an  urban  area  is  more  regular  and  controlled,  depression  depths  can  be  estimated.  These 
are  typically  from  1 to  5 mm  on  paved  surfaces  and  about  5 to  10  mm  on  grassed 
surfaces. 

Evaporation  and  evapotranspiration  of  water  to  the  atmosphere  accounts  for  a considerable 
portion  of  the  annual  losses  from  surface  water  systems;  however,  it  is  of  little 
significance  in  the  analysis  of  peak  runoff  events  in  rural  or  urban  watersheds,  as 
evaporation  rates  are  extremely  low  compared  to  peak  precipitation  rates.  These  water 
loss  mechanisms  are,  however,  factors  in  the  post-event  soil  moisture  depletion  and  the 
estimation  of  antecedent  moisture  conditions  for  subsequent  events. 

The  infiltration  of  water  through  the  soil  surface  is  a significant  factor  in  rural  and  urban 
watersheds.  The  soil  infiltration  rate  is  typically  considered  in  terms  of  Horton’s 
relationship: 


where: 


F = Fc  + (Fo  - FJ  e 


Kt 


F is  the  infiltration  capacity  at  time  t, 

Fo  is  the  initial  (dry)  infifr^ation  capacity, 

Fe  is  the  equilibrium  (salyir^ed)  infiltration  capacity, 
t is  the  time  since  initial<s^^ltration  rate  Fo,  and 
K is  a the  decay  rate  for  infilkation. 


(1) 


The  initial  infiltration  rate  is  signif^ntly  greater  than  the  equilibrium  capacity.  Many 
rural  and  urban  runoff  models  are  €^^pn  this  concept.  Although  urbanization  greatly 
decreases  the  area  of  land  available  tpjnf  Itrate  water,  infiltration  is  still  a significant  loss 
component  in  an  urban  area.  Very  little  of  the  pervious  area  contributes  to  the  runoff 
during  normal  events,  ^^ereas  for  rare  events  the  pervious  area  generates  a significant 
amount  of  runoff  Ecft^ibrium  infiltration  rates  indicated  in  the  literature  are  in  the  order 
of  10  to  20  mm/hr. 

While  m^^f  Alberta’s  urban  areas  are  located  in  the  gently  rolling  terrain  east  of  the 
Rocky  Nfeu^fe^ns  and  the  foothills,  there  are  several  municipalities  that  are  located  along 
the  easte\^slojp^s.  Stormwater  management  planning  and  design  presents  some  unique 
challenges  in  these  areas.  From  a hydrology  standpoint,  this  is  primarily  due  to 
difficulties  in  simply  estimating  the  basic  watershed  inputs,  such  as  precipitation  and 
temperature,  which  can  vary  considerably  with  elevation.  Forestation  and  vegetation  of 
the  watershed  in  higher  altitudes  can  also  have  a significant  impact  on  the  hydrology, 
mainly  in  terms  of  stream  base  flow  and  runoff. 

Because  all  or  some  of  the  watershed  will  be  relatively  steep,  the  runoff  hydrographs  will 
have  high  peaks  and  will  be  rapid,  resulting  in  high  velocities.  These  high  velocities  can 
result  in  significant  debris  being  carried  down  from  the  upper  part  of  the  watershed. 

Snow  accumulation  in  the  mountain  region  will  affect  the  runoff  characteristics.  The 
higher  elevation  and  the  mature  trees  result  in  gradual  snowmelts  over  a longer  period  of 
time.  This  results  in  a continuous  base  flow  in  the  mountain  streams  throughout  the  year. 
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The  flow  component  from  snow  melt  could  affect  culvert  designs  at  road  crossings  as 
well  as  land  uses.  A hydrologic  model  capable  of  analyzing  runoff  from  rainfall  and 
snow  packs  should  be  considered  for  mountain  hydrology. 

It  can  be  seen  from  the  above  brief  discussion  that  the  selection  of  proper  hydrologic 
parameters,  although  difficult,  is  paramount  for  evaluation  of  drainage  systems  in  these 
areas. 

4.3  Rainfall  Considerations 


The  precipitation  input  for  the  generation  of  runoff  from  a watershed  comprises  either 
snowmelt,  rainfall,  or  both.  Snowmelt  can  be  an  important  influence  on  the  runoff  from 
rural  watersheds.  Snowmelt  runoff  is  often  dealt  with  as  part  of  a statistical  hydrologic 
analysis  of  stream-gauging  records.  Although  snowmelt/runoff  simulation  models  are 
available  and  are  used  for  large  watersheds,  they  are  not  often  used  in  assessing  runoff 
conditions  in  smaller  rural  or  urban  watersheds. 

Despite  being  a northern  country  with  the  implied  abundance  or^^  and  cold  weather, 
the  critical  runoff  events  for  the  majority  of  Al^rta’s  (and  Canada’s)  cities  are  rainfall 
related.  For  urban  areas,  rainfall  is  the  sii^l^most  influential  component  in  the 
generation  of  runoff.  Because  of  the  importanc^X  rainfall,  rainfall  events  are  the  subject 
of  further  discussion  in  the  following  sections. 


4.3.1 


Antecedent  Moisture  Conditions 


The  antecedent  moisture  condition  is  a measure  of  the  soil’s  current  moisture 

content.  It  can  be  quantified  by  analyzmg  the  amount  of  rain  that  has  fallen  in  the  hours, 
days,  or  weeks  prior  tq^^torm.  Runoff  coefficients,  infiltration  parameters,  and  other 
runoff  model  paramet€^  can  be  adjusted  by  knowledge  of  the  AMC.  One  application  of 
this  concept  has  been^^esented  in  the  Soil  Conservation  Service’s  (SCS)  National 
Engineering  Handbook.  If  is  used  as  a means  to  adjust  the  curve  number  (an  SCS  runoff 
parameter^for  a given  soil  type  based  on  the  amount  of  rainfall  that  has  occurred  in  the 
previous  piv^ays.  An  increase  in  the  AMC  means  there  is  an  increase  in  runoff 
potential  ^m  |Svatershed. 


The  SCS  Handbook  indicates  that  the  AMC  index  is  only  a rough  approximation  of  runoff 
potential  as  it  does  not  include  the  effects  of  evapotranspiration  and  infiltration  on 
watershed  wetness.  In  estimating  the  AMC,  their  use  of  the  prior  5-day  precipitation  does 
not  address  the  greater  importance  of  the  rainfall  immediately  prior  to  the  rainfall  event 
or  the  effects  of  a large  rainfall  occurring  prior  to  the  5-day  period.  A more  refined 
antecedent  precipitation  assessment  has  been  in  practice  for  some  time  where  soil 
moisture  is  assumed  to  decrease  logarithmically  with  time  during  periods  with  no 
precipitation. 
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The  Antecedent  Precipitation  Index,  determined  in  this  manner,  is  given  by  the  equation; 

API  = S li  K'  (2) 

i = 1 

where:  Ij  is  the  precipitation  on  the  i'^  day  prior  the  rainfall  event,  and 

K is  a recession  constant  (typically  between  0.85  and  0.98). 

There  is  little  information  available  on  relationships  between  antecedent  moisture 
conditions  and  runoff  model  parameters.  In  the  application  of  the  SCS  method,  common 
practice  is  to  use  the  most  probable  AMC  condition.  In  Alberta  this  is  typically  AMC  1 
(Table  4.1).  For  urban  runoff  models,  no  relationships  are  presented  in  the  literature  for 
pervious  area  infiltration  rates  as  a function  of  AMC. 


Table  4-1 

Antecedent  Moisture  Data  - Alberta 

Location 

Threshold  No. 

Antecedent  Rainfall  (il^)  | 

Total 

(mm) 

Period 

(mm) 

Events 

-1 

-3 

-4 

-5 

1-Hour  Events: 

Edmonton 

46-74 

15.2 

14 

l.O 

4.2  ' 

%:.9.2 

2.4 

1.8 

18.6 

Calgary 

50-74 

15.2 

11 

3.4 

4.2 

0.1 

2.0 

1.3 

11.0 

Lethbridge 

63-74 

12.7 

9 

V 2.1 

0.6 

2.3 

3.8 

0.1 

8.9 

Vauxhall 

58-74 

12.7 

10  i 

f % 

0.2 

0.5 

0.3 

0.7 

5.6 

Average 

- 

- 

- 

'^ff6 

2.3 

3.0 

2.1 

1.0 

11.0 

12-Hour  Events: 

Edmonton 

14-74 

“%.5 

32. 

8.1 

1.5 

0.9 

0.8 

1.8 

13.1 

Calgary 

51-76 

30^ 

17 

6.1 

0.6 

1.0 

1.4 

3.4 

12.5 

Lethbndg\ 

61-76 

30.5 

18 

10.5 

2.0 

3.5 

3.0 

1.5 

20.5 

Vauxhall  1 

\6-77 

30.5 

15 

6.1 

0.5 

1.3 

1.1 

2.4 

11.4 

Avera^ 

|V 

- 

- 

7.7 

1.2 

1.7 

1.6 

2.3 

14.4 

Notes: 

1 . Based  on  data  from  AES,  Environment  Canada. 

2.  Soil  Conservation  Service  5-day  AMC  categories: 

AMC 

Dormant  Season 

Growing  Season 

II 

III 

< 13  mm 
1 3 to  28  mm 
> 28  mm 

< 36  mm 
36  to  53  mm 
> 53  mm 
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4.3.2  Intensity  Duration  Frequency  Curves 

The  amount  (depth  of  rainfall  and  the  rate  (intensity)  at  which  it  falls  are  the  most 
important  aspects  of  a rainstorm.  This  information  is  well  documented  in 
intensity-duration-frequency  curves  (IDF  curves),  which  relate  the  intensity  of  the  rainfall 
to  the  duration  of  occurrence  for  various  probabilities  (Figure  4.1).  These  relationships 
have  been  based  on  short-duration  rainfall  data  collected  by  Atmospheric  Environment 
Services  (AES)  of  Environment  Canada,  from  locations  they  monitor  throughout  Canada. 
There  are  28  locations  in  Alberta  for  which  IDF  curves  have  been  developed  (Table  4.2). 
Of  these,  sixteen  are  based  on  data  from  20  or  more  years  of  record. 

IDF  curves  are  often  expressed  in  functional  form.  Functional  representation  facilitates 
the  precipitation  data  input  to  design  storm  generation  and  other  stormwater  management 
computer  programs.  The  form  of  the  most  commonly  used  relationship  for  an 
intensity-duration  relationship  is: 


AES  has  conducted  statistical  analysis  for  the  monitoring  stations  in  Alberta.  They 
related  the  rainfall  intensity  to  the  4^ration  (hours)  using  a simpler  geometric  regression 
analysis:  i = A/(t®).  This  equation^e^Us  in  regressions  that  have  poor  standard  error  of 
estimate  and  should  not  be  used.  T^f  t|Bulated  data  from  AES  should  be  used.  Some 
representative  values  for  the  5-year  IDf  curves  are  presented  on  Table  4.2. 

Within  any  given  ye^v|niany  independent  rainfall  events  occur.  This  is  not  addressed  in 
IDF  curve  derivations  b^AES,  which  are  based  on  single  annual  event  statistics.  With 
the  AES  ^ethod,  the  largest  rainfall  intensity  for  a specific  duration  for  each  year  in  the 
period  of ^^ord  is  analyzed  using  the  arithmetic  Gumbel  distribution.  Where  two  or 
more  sefere^.infall  events  occur  in  the  same  year,  the  lesser  events  will  be  excluded 
from  the^^lTs,  even  though  they  may  exceed  events  in  other  years.  Fortunately,  the 
effect  of  this  is  not  significant  for  the  events  rarer  than  the  5-year-retum-period  frequency. 
Studies  have  indicated  that  the  intensity  derived  for  a 5-year  event  in  the  traditional 
fashion  (single  annual  event  statistics)  is  really  only  about  a 4.5-year-retum-period  event 
(a  correction  factor  of  about  1.04  is  all  that  is  required  to  compensate  for  this).  As  a 
result,  there  is  only  minor  error  in  using  single  annual  event  statistics  in  normal 
stormwater  management  design. 

Some  authors  propose  the  2-year  event  for  pipe  design  in  dual  drainage  system  analysis. 
When  using  the  2-year  event,  consideration  should  be  given  to  the  effect  that  partial 
duration  series  analyses  would  have  on  the  2-year  IDF  curve.  The  2-year  event  estimated 
in  the  conventional  manner  underestimates  the  rainfall  intensities  by  about  14  percent  (a 
correction  factor  of  1.16  would  compensate).  This  has  the  potential  to  cause  a designer 
to  underestimate  the  magnitude  of  2-year-retum  rainfall  intensities. 


(3) 


where:  i is  the  rainfall  intensity, 
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Figure  4.1 

Typical  I.D.F.  Curve  Format 


Table  4-2 

Atmospheric  Environment  Services  Rain  Gauge  Stations 
Rainfall  IDF  Data  for  Alberta 

Station  Name 

Years 

of 

Record 

Last 
Year  of 
Record 

5-Year  Curve  (mm/hr) 

10  min 

60  min 

12  hour 

24  hour 

Beaverlodge  CDA 

24 

1986 

73.1 

22.8 

3.4 

2.4 

Brooks  AHRC 

19 

1987 

61.3 

23.7 

3.3 

2.0 

Calgary  A 

39 

1990 

67.8 

19.1 

3.5 

2.1 

Cold  Lake  A 

25 

1990 

79.4 

25.0 

3.7 

2.2 

Edmonton  Municipal  A 

56 

1990 

76.6 

24.9 

4.5 

2.8 

Edmonton  International 

28 

1990 

68.1 

20.1 

3.9 

2.5 

Edmonton  Namao  A 

21 

1986 

68.0 

19.^,.^ 

4.0 

2.7 

Edson  A 

21 

1990 

80.9 

2\.9 

^ |3.7 

2.5 

Ellerslie 

18 

1986 

22.3 

" 4.0 

2.6 

Forestburg  Plant  Site 

10 

1982 

26.6 

3.3 

2.2 

Fort  Chipewyan  A 

17 

1986 

15.6 

3.1 

2.0 

Fort  McMurray  A 

24 

1990 

55.6 

17.4 

3.7 

2.2 

Fort  Vermilion 

7 

1.9J2 

53.3 

20.9 

3.5 

1.8 

Grande  Prairie  A 

16 

53.0 

14.8 

3.2 

2.2 

Jasper 

27 

1^  ' 

36.3 

9.6 

2.7 

1.9 

Lacombe  CDA 

1990 

75.0 

23.6 

3.9 

2.5 

Lethbridge  A % 

1990 

91.1 

27.7 

4.2 

2.5 

Manyberries  CDA 

\l5 

1986 

54.2 

15.0 

2.8 

1.8 

Medicine''^E?^t  A 

19 

1990 

71.1 

18.9 

3.5 

2.3 

Mildred  ^ak^\ 

10 

1983 

48.3 

16.9 

3.7 

2.3 



Peace  Ri\%^/ 

24 

1990 

53.9 

18.3 

2.7 

1.7 

Pincher  Creek  A 

22 

1990 

52.5 

16.8 

4.1 

2.5 

Red  Deer  A 

26 

1990 

68.8 

18.5 

4.1 

2.6 

Rocky  Mountain  House 

24 

1990 

112 

23.1 

4.1 

2.6 

Slave  Lake  A 

18 

1990 

63.0 

21.6 

4.0 

2.6 

Vauxhall  CDA 

28 

1983 

59.8 

20.0 

3.2 

1.8 

Vegreville  CDA 

16 

1990 

- 

28.3 

4.0 

2.4 

Watino 

14 

1986 

65.0 

24.4 

3.4 

2.3 

Note:  Data  can  be  interpolated  if  plotted  on  log-log  paper.  For  other  return  periods  refer  to 

AES. 
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4.3.3  Spatial  Distribution  of  Rainstorms 


The  variation  of  rainfall  over  a large  area  has  been  recognized  in  watershed  hydrology. 
It  has  been  difficult  to  quantify  in  smaller  urban  drainage  areas.  It  can  be  significant  on 
the  Prairies,  where  thundershowers  may  move  rapidly  and  may  be  quite  local  in  namre. 
The  cities  of  Edmonton  and  Calgary  collect  rainfall  data  at  several  sites  to  form  a basis 
for  evaluating  spatial  effects.  As  most  urban  watersheds  are  relatively  small,  it  is  now 
acceptable  to  assume  that  a uniform  rainfall  distribution  based  on  point  recordings  at  a 
rain  gauge  will  represent  average  conditions  in  the  watershed. 

Using  rainfall  data  from  a low-level  station  to  represent  a high-level  watershed  will 
underestimate  conditions.  This  phenomenon  must  be  addressed  in  watersheds  where 
orographic  effects  are  of  significance. 


4.3.4  Temporal  Distribution  of  Rainstorms 

The  temporal  distribution  of  rainfall  is  the  variation,  with  of  jthe  rainfall  intensity 

during  a storm  event.  A uniform-intensity  rainfall  event  is  Xj^cessary  simplifying 
assumption  for  the  application  of  the  Rationa|ss%Method.  The  data  to  determine  this 
intensity  are  conveniently  given  in  the  form  of^h^IDF  curves  discussed  earlier. 

In  small  urban  drainage  basins,  the  peak  flow  rit^s  are  very  sensitive  to  the  storm 
distribution.  For  proper  hydrograph  analysis  of  stormwater  management  systems  a more 
realistic  temporal  distribution  of  raip|all  is  needed.  Where  system  storage  is  significant 
(either  in  large  drainage  systems "^b^jl^se  with  detention  facilities)  the  design  storm 
configuration  is  not  quite  as  important. 


To  provide  a reasonablj^s^d  consistent  basis  for  analysis  for  urban  runoff  modelling,  a 
5-minute  time  step  is^^commended  for  small  urban  areas.  This  is  commensurate  with 
the  resolution  of  AES^^ta.  It  is  also  less  than  the  time  of  concentration  (tc)  of  the 
smallest  ^b-basin  that  would  usually  be  under  investigation  in  an  urban  runoff  modelling 
exercise,  ^^pically,  one  should  select  a time  step  about  one  half  of  the  minimum  tc 
value.  I 

Design  storms  for  a particular  frequency  event  can  be  developed  based  on  synthetic 
methods  or  on  historical  data.  These  are  described  in  the  following  section. 


Synthetic  Design  Storms  (Hyetographs) 


The  most  commonly  used  synthetic  method  for  developing  design  storms  has  been  the 
Chicago  Method.  This  method  distributes  the  rainfall  indicated  by  an  intensity-duration 
curve  of  a selected  frequency.  The  Chicago  Method  was  developed  ignoring  the 
likelihood  of  the  short-duration  and  long-duration  rainfall  intensities  being  concurrent  (that 
is,  the  high-intensity  short-duration  rains  tend  to  be  isolated  cloudburst  events).  As  a 
result,  the  procedure  produces  design  storms  that  are  too  peaky.  This  has  been  supported 
by  several  investigations.  It  was  found  that  the  peak  5-minute  rainfall  intensities 
determined  in  the  synthetic  hyetographs  are  much  higher  than  observations  of  the  peak 
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intensity  during  recorded  1-hour  storms. 


This  overestimation  of  the  short-duration  intensities  is  one  of  the  reasons  for  considerably 
higher  peak  flow  rates  being  determined  by  most  computer  simulation  models.  This 
aspect  of  the  storm  hyetograph  (the  ratio  of  the  peak  5-minute  intensity  to  the  average 
intensity  for  the  storm)  has  been  termed  the  "Peakness  Factor"  (or  PF  value).  From  a 
review  of  Toronto  airport  rainfall  data  it  has  been  found  that  the  observed  PF  values 
(which  ranged  from  2.2  to  2.8)  were  much  lower  than  that  for  the  5-year,  1-hour  Chicago- 
type  synthetic  hyetograph  (which  had  a PF  value  of  5.9).  For  a given  storm,  increasing 
the  time  step  decreases  the  PF  value  and,  hence,  the  peak  flow  rate.  It  has  been  found 
that  a time  step  of  10  minutes  used  in  developing  the  5-year,  1-hour  Chicago  hyetograph 
resulted  in  a PF  of  2.9  (similar  to  the  historic  PF  values). 


The  Chicago  method  for  design  storm  development  was  popular  for  a number  of  reasons: 


The  procedure  is  relatively  easy  to  apply,  ^ 

It  contains  the  critical  aspects  of  storm  intensity 
catchment,  and 
It  is  conservative. 


all  .sub-basins  within  a 


As  indicated  earlier,  the  latter  aspect  of  this  pr^^iure  has  led  to  considerable  criticism 
being  levelled  at  it.  The  problem  can  be  related  tc^^ie  PF  value  of  the  synthetic  design 
storm  (for  example,  in  Edmonton  the  5-year,  5-minute  discretization  storm  has  a PF  of 
about  4.1;  historical  data  for  the  Ppiries  indicate  a value  of  about  2.7).  Adjusting  the 
rainfall  intensity  during  the  most  itit^^part  of  the  hyetograph  will  compensate  for  this. 
A uniform  rainfall  intensity  during,  t^'  peak  rainfall  period  equal  to  the  time  of 
concentration  of  the  smallest  sub-basTn  (usually  greater  than  or  equal  to  10  minutes) 
provides  a means  for  je^onable  simulation  results.  The  Chicago  hyetograph  for  the 
Edmonton  area,  adju^d  in  this  manner,  has  a PF  of  3.0  (Figure  4.2).  Hyetographs 
constructed  in  this  fashiW  are  believed  to  be  reasonable  design  storm  configurations. 


Histories  Based  Design  Storms 


Use  of  h^ri^  design  storms  has  been  common  practice  for  some  time.  Several  such 
storms  have  been  proposed  for  use  in  the  City  of  Edmonton.  Some  have  argued  strongly 
in  favour  of  the  use  of  historical  storms  indicating  that  a design  storm  is  "a  device  for 
facilitating  analysis  at  the  expense  of  credibility".  The  use  of  historical  storms  has  public- 
relations  value  as  well.  The  public  can  relate  better  to  a system  designed  to  handle  the 
1990  rainfall  event  better  than  one  that  can  "handle  the  10-year  event".  As  a result,  the 
use  of  actual  historical  storm  events  will  continue  to  find  application,  particularly  in  the 
instance  of  major  system  design  events. 


Recent  investigations  have  attempted  to  develop  design  storm  distributions  that  are  more 
realistic  than  the  Chicago  hyetograph  based  on  historical  storm  event  data.  Research  on 
the  time  distribution  of  rainfall  has  focused  on  the  cumulative  distribution  of  rainfall 
within  the  storm  event.  From  a review  of  many  storms,  plots  of  cumulative  rainfall  (as 
a percentage)  versus  cumulative  time  (also,  as  a percentage)  are  made.  From  these. 
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Figure  4.2 

Design  Storm  Distributions 
5 Year  Return  Period  Event 
Edmonton 


4.3.5 


design  storm  distributions  can  be  selected.  This  was  done  for  261  storms  in  Illinois 
where  the  first  quartile  (storms  with  the  most  rain  occurring  in  the  first  25  percent  of  total 
storm  duration)  were  selected  as  the  most  representative  of  small  urban  areas.  The 
average  first  quartile  storm  distribution  is  a built-in  feature  of  the  ILLUDAS  computer 
model  (Section  4.6.3). 


There  have  been  other  such  investigations  conducted  on  design  storm  distributions.  The 
most  relevant  for  Alberta  are  the  studies  conducted  by  Atmospheric  Environment  Services 
(AES)  of  Environment  Canada.  Temporal  distributions  for  35  stations  across  Canada 
were  developed  for  storms  of  1 hour  and  12  hours  in  duration.  In  subsequent  work  the 
distributions  were  given  as  percentile  distributions.  It  was  indicated  that  the  30-percentile 
distribution  is  most  representative  for  use  in  simulation  modelling.  This  conclusion  was 
based  on  runoff  simulations  of  each  historical  event  and  simulations  of  various  design 
storm  distributions  and  rainfall  amounts  obtained  from  IDF  curves.  Attempts  have  been 
made  to  minimize  the  discrepancy  between  the  frequency  distributions  of  the  peak  runoff 
rates  from  the  historical  and  synthetic  design  storms.  % y 


A review  of  the  AES  work  indicates: 


The  main  advantages  of  the  AES  desig4|tprms,  which  are  used  in  urban  drainage 
design,  follow  from  the  fact  that  they  aii^ased  on  actual  Canadian  data  and  are 
available  on  a nationwide  basis.  Shortcoml^s  include  the  lack  of  guidance  for 
the  selection  of  other  storm  characteristics  (td,  D),  the  restriction  to  two  durations, 
and  a possible  neglect  of  th|^yariability  of  the  temporal  distributions  with  return 
period.  Such  shortcoming!,  however,  could  be  overcome  with  a relatively  small 
additional  development  effoA 


In  the  above  comment^^td.  refers  to  the  time  step  for  storm  discretization  and  D refers  to 

event. 


the  duration  of  the  s 

Storm  E^ration 


In  small  lirb^^areas,  it  is  important  to  identify  the  critical  storm  duration.  For  any  given 
system  er^erlheing  designed,  some  experimentation  with  various  storm  durations  should 
be  conducted  to  determine  the  critical  storm  event.  Previous  studies  indicate  that  the 
storm  duration  be  greater  than  twice  the  basin’s  time  of  concentration.  For  most  small 
(up  to  about  50  ha)  urban  areas,  a storm  duration  of  1 hour  is  suitable. 


For  urban  areas  where  detention  storage  is  designed,  longer-duration  rainfall  events  are 
necessary  to  determine  the  critical  volumes.  The  duration  should  be  at  least  long  enough 
that  the  peak  storage  volume  is  reached  and  the  volume  of  stored  water  is  in  recession. 
The  designer  must  be  able  to  determine  that  the  detention  facility  will  drain  within  a few 
days  of  the  storm  event.  For  this  purpose,  storms  of  12  hours  to  48  hours  in  duration  are 
required.  As  these  simulations  are  usually  for  major  system  events  (for  example,  the  100- 
year  event),  the  temporal  distribution  of  the  storm  event  is  not  as  important. 


I I2/25615/994.S4 


4-11 


For  rural  areas,  experiences  with  rural  runoff  models  (for  example,  HYMO)  indicate  that 
with  the  Chicago  hyetograph,  the  peak  flow  rate  increases  as  the  storm  duration  increases. 
This  effect  is  diminished  by  the  time  the  storm  duration  reaches  24  hours.  As  a result, 
in  rural  areas,  the  storm  simulation  period  should  be  24  hours  (or  possibly  more  where 
storage  is  considered).  The  considerations  for  time-step  discretization  are  similar  to  those 
for  urban  areas  (that  is,  a storm  duration  greater  than  twice  the  basin’s  time  of 
concentration). 

For  design  storm  durations  of  between  1 hour  and  12  hours,  the  temporal  distribution  can 
be  interpolated  from  the  two  AES  distributions.  The  need  for  more  analysis  to  identify 
the  storm  distributions  for  other  durations  has  been  identified.  Until  the  results  of  such 
work  are  available,  the  use  of  the  30  percent  AES  Prairie  distribution  in  this  manner  is 
acceptable. 

In  general,  short  duration  and  high  intensity  design  storms  such  as  Chicago  distribution 
design  storms  are  most  suitable  for  analyzing  urban  runoff  ans^  4«signing  sewer  capacities 
as  they  tend  to  result  in  high  runoff  peaks.  They  are  therefofl^ore., conservative.  AES 
rainfall  distribution  curves  for  major  cities  across  Canada  can^^Atained  from  AES. 
These  rainfall  curves  can  be  used  to  distribu|e=^  a rainfall  hyetograph  for  analyzing 
stormwater  runoff  in  urban  cities.  Long  duratio4^4^ign  storms  such  as  the  12-hour  SCS 
and  AES  design  storm  distributions  are  most  suitafte  for  analyzing  runoff  from  rural  areas 
and  for  sizing  of  detention  ponds.  In  any  case,  th^est  approach  is  to  simulate  for  all 
three  types  of  design  storms  and  use  the  one  that  is  most  conservative. 

In  addition  to  single  event  analysis^  ugi^i^  design  storms,  continuous  simulation  analysis 
can  be  used  to  assess  the  stormwater  r^nai^ment  system.  Continuous  simulation  consists 
of  running  an  entire  meteorological  record  through  a hydrologic/hydraulic  model. 

Single  event  analysis  fe^uires  less  computational  effort,  less  data  and  design  storms  can 
be  developed  for  an  a^,  such  as  a city,  and  applied  to  many  different  projects. 
However,  .^itial  conditions' such  as  antecedent  moisture  conditions  in  the  soil  have  to  be 
specified  a^^temporal  and  areal  distribution  can  have  a significant  impact  on  the  results. 

Continuoi^in^ation,  on  the  other  hand,  eliminates  the  uncertainties  in  determining  an 
appropriate  design  storm.  Continuous  simulation  also  has  the  ability  to  account  for 
antecedent  conditions,  thus  eliminating  the  need  to  define  the  initial  conditions  for  single 
event  modelling.  Continuous  simulation  does  however  require  a lot  of  computational 
effort  due  to  small  time  steps  and  long  duration  of  modelling.  It  also  requires  a lot  of 
data  and  model  precision  can  be  compromised  by  less  detailed  precipitation  data. 

Continuous  simulation  would  be  appropriate  for  evaluating  the  performance  of  a detention 
pond  during  a series  of  rainfall  events.  A typical  average  and  wet  year  can  be  selected 
from  past  records  for  this  purpose. 

Single  event  simulations  have  the  advantage  of  evaluating  details  of  the  drainage  system 
that  are  usually  too  time  consuming  and  expensive  to  carry  out  in  the  continuous  mode. 
Continuous  simulation  is  most  useful  for  planning  and  optimization  of  preliminary 
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designs.  Single  event  simulation  may  then  be  used  for  detailed  design  and  analyses.  A 
combined  approach  of  simulating  a number  of  storm  events  and  carrying  out  a frequency 
analysis  may  also  be  considered  as  an  alternative  approach. 

A frequency  analysis  of  historical  rainfall  events  which  generated  flooding  problems  in 
the  past  can  be  performed.  Historical  critical  rainfall  events  of  known  return  frequency 
can  provide  a realistic  assessment  of  performance  of  the  system  designed. 

4.4  Runoff  Estimation  Methods 


4.4.1  Rational  Method 


The  Rational  Method  is  based  on  an  empirical  formula  relating  the  peak  flow  rate  to  the 
drainage  area,  the  rainfall  intensity,  and  a runoff  coefficient.  Undoubtedly  the  Rational 
Method  is  the  most  widely  used  method  of  predicting  peak  runoff  rates  for  the  design  of 
urban  drainage  systems.  Its  popularity  is  a direct  result  of  its’^pparent  simplicity  and  ease 
of  use.  However,  its  simplicity  is  achieved  by  lumping  all  the^^'^^plqx  variables  involved 
in  the  runoff  process  into  one  coefficient.  The  Rational  formuil=^of  metric  units  is: 


Q = 0.0028  C i A 


(4) 


where: 


C is  the  runoff  coefficient,  % 
i is  the  rainfall  intensity  (mm/hr)  for  a storm  of  duration  equal  to 


tc,  ^ 

A is  the  effediiy^%;onnected)  area  of  the  drainage  basin  (hectares), 

U' 


and 

t^.  is  the  time  of  concentration  for  the  basin  for  the  particular  event 


The  effect  of  this  simplifl^tion  has  been  widely  discussed  in  the  literature.  For  example, 
runoff  fo\a  324-ha  watershed  computed  by  23  designers,  varied  by  700  percent.  This 
indicates  the  underlying  assumptions  of  the  method  and  its  limitations  are  still  not 
widely  u|der^pd  after  almost  a hundred  years  of  application. 


The  fundamental  assumptions  underlying  the  Rational  Method  are: 


The  frequency  of  the  runoff  is  equal  to  the  frequency  of  the  rainfall.  This  is  not 
necessarily  the  case  for  any  individual  event,  an  important  point  when  comparing 
computed  values  with  measured  values. 

The  peak  discharge  at  a point  is  a function  of  the  average  rainfall  intensity  over 
a duration  equal  to  the  time  of  concentration  to  the  point  in  question.  This 
assumes  that  the  peak  rate  of  runoff  occurs  at  the  point  in  time  when  the  entire 
upstream  basin  is  contributing,  and  the  duration  of  the  rainfall  equals  or  exceeds 
the  time  of  concentration. 
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The  rainfall  is  uniform  over  the  basin  and  steady  with  time.  Thus,  a real 
distribution  of  rainfall  or  the  tracking  of  storms  across  the  basin  cannot  be  directly 
accounted  for. 


Concerns  regarding  the  proper  application  of  the  Rational  Method  include: 

• Selection  of  runoff  coefficients  is  highly  subjective,  and  accounts  for  much  of  the 
variation  in  the  results  obtained  by  this  method.  Earlier  discussion  of  the 
rainfall/runoff  process  shows  that  the  coefficient  C is  not  a constant,  but  varies 
with  ground  cover,  soil  characteristics,  ground  slope,  depression  storage, 
antecedent  rainfall,  rainfall  intensity,  and  rainfall  duration.  Many  publications  list 
typical  Rational  C values  but  few  qualify  them  as  to  storm  type  and  frequency  or 
soil  conditions.  Table  4-3  gives  ranges  of  typical  values  for  urban  and  rural 
conditions  based  on  soil  types  and  unfrozen  ground  conditions.  Table  4-4  presents 
approximate  values  for  specific  return-period  rainfall  events. 

The  potential  error  in  estimating  the  runoff  coefficieritHjjcreases  with  the  amount 
of  pervious  surface  in  the  basin.  This  is  particularly  true^l^higher-retum-period 
events  as  indicated  in  Note  2 in  Table  4^^,  which  indicates  the  values  should  be 
increased  for  storms  with  return  period  jr  than  1 in  10  years. 


It  is  difficult  to  determine  a realistic  v r the  time  of  concentration.  This  ^ 
problem  is  more  acute  in  rural  or  semi  rural  basins  where  there  is  extensive 
overland  flow  across  pervio]^5|ireas.  Several  methods  for  estimating  the  time  of 


the  City  of  EdmOston  ( ilO  = 83  mm/hr  and  i20  = 56  mm/hr),  ti  = 10  minutes 
yields  a peak  Slw  rate  50  percent  higher  than  ti  = 20  minutes. 

\ 

D^nstream,  the  time  of  concentration  (tc)  is  equal  to  the  initial  inlet  time  plus 
th^toe  of  travel  (tt)  through  the  conveyance  system.  As  tc  increases  the  effect 
of  an  e^or  in  ti  diminishes,  ( e.g.  at  tc  = 20  or  30  minutes  the  range  of  peak  flow 
is\^u^d  to  30  percent). 

The  overall  effect  of  using  the  incorrect  inlet  time  would  be  that  the  system,  in 
particular  the  upper  reaches,  could  be  designed  for  a storm  with  a lower  or  higher 
return  period  than  was  intended.  It  is  imperative  that  the  times  of  concentration 
used  with  the  Rational  Method  are  selected  with  considerable  care  for  each  branch 
of  the  system. 
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Table  4-3 

Typical  Urban  Runoff  Coefficients  for  5-  to  10-year  Storms 

Description 

Runoff  Coefficient 

Minimum 

Mean 

Maximum 

Pavement 

asphalt  or  concrete 

0.70 

0.83 

0.95 

Roofs 

0.70 

0.83 

0.95 

Business 

downtown 

0.70 

0.83 

0.95 

neighbourhood 

0.50 

0.60 

0.70 

Industrial 

light 

0.50 

0.65 

0.80 

heavy 

0.60 

0.75 

0.90 

Residential 

single  family  urban 

0.30 

0.40 

0.50 

multiple,  detached 

0.40 

\) 

0.60 

multiple,  attached 

0.60 

■ 

0.68^^""" 

0.75 

suburban 

0.33 

0.40 

Apartments 

0.56^ 

0.60 

0.70 

Parks,  Cemeteries 

% 

0.10 

0.18 

0.25 

Playgrounds 

. 0.20 

0.28 

0.35 

Railroad  yards 

X 0.20 

0.28 

0.35 

Unimproved 

0.10 

0.20 

0.30 

XT  ^ 

Notes;  | 

1.  Values  within  th^^range  given  depend  on  the  soil  type  if  the  watershed  is  significantly 

unpaved  (sand  is  ni^mum,  clay  is  maximum),  and  on  the  nature  of  the  development. 

2.  F^^torms  having  return  periods  of  more  than  10  years,  increase  the  listed  values  as 

rollov^up  to  a maximum  coefficient  of  0.95: 

25  year  - add  10  percent 
50  year  - add  20  percent 
100  year  - add  25  percent 

3.  The  coefficients  listed  are  for  unfrozen  ground.  Taken  from  RTAC  (1982). 
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Table  4-4 

Selected  Runoff  Coefficients  and  Percent  Impervious' 

Land  Use  or  Surface 
Characteristics 

Percent 

Impervious 

Frequency 

2 

5 

10 

100 

Business: 

Commercial  Areas 
Neighbourhood  Areas 

95 

70 

.87 

.60 

.87 

.65 

.88 

.70 

.89 

.80 

Residential: 
Single-Family 
Multi-Unit  (detached) 
Multi-Unit  (attached) 
1/2- Acre  Lot  or  Larger 
Apartments 

♦ 

50 

70 

♦ 

70 

.40 

.45 

.60 

.30 

.65 

.45 

.50 

.65 

.35 

.70 

.50 

.60 

.70 

.40 

.70 

.60 

.70 

.80 

.60 

.80 

Industrial: 
Light  Areas 
Heavy  Areas 

80 

90 

.71 

.80 

.76 
1 -85 

.82 

.90 

Parks.  Cemeteries 

7 

.10 

.35 

.60 

Playgrounds 

13 

.25 

.35 

.65 

Schools 

50 

.50 

.60 

.70 

Railroad  Yard  Areas 

40 

.40 

.45 

.50 

.60 

Undeveloped  Areas 

>'  ^ See  "Lawns" 

Streets: 

Paved 

Gravel 

100 

13 

.87 

.15 

.88 

.25 

.90 

.35 

.93 

.65 

Drive  and  Walks  \ 

96 

.87 

.87 

.88 

% 

Roofs  ^ 

90 

.80 

.85 

.90 

.90 

Lawns,  Soil 

0 

.00 

.01 

.05 

.20 

Lawns,  ^ayey  ^il 

0 

.05 

.10 

.20 

.40 

Notes: 

1.  From  Urban  Storm  Drainage  Criteria  Manual  (Wright  McLaughlin,  1969). 

2.  These  Rational  Formula  coefficients  may  not  be  valid  for  large  basins. 

• Each  reach  of  the  system  is  designed  for  the  peak  flow  from  a unique  theoretical 
rainfall  event  over  the  basin.  Thus,  the  method  gives  no  indication  of  how  the 
system  actually  performs  during  a real  event,  especially  an  event  that  exceeds  the 
design  criteria.  This  is  significant  for  the  design  of  storage  facilities,  large  trunk 
sewers,  and  in  the  design  of  relief  works  for  inadequate  drainage  systems. 

Although  the  Rational  Method  has  major  sources  of  errors,  the  potential  impact  of  these 
errors  in  the  design  of  small  urban  drainage  systems  can  be  reduced  by  careful  selection 
of  the  appropriate  parameters  for  the  design  event.  Opinions  as  to  the  size  of  drainage 
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system  which  may  be  designed  by  the  Rational  Method  vary  widely.  The  City  of 
Edmonton  allows  the  method  to  be  applied  for  areas  of  up  to  65  hectares,  while  other 
authorities  suggest  areas  of  between  200  ha  down  to  a maximum  pipe  size  of  450  mm. 
It  is  recommended  that  use  of  the  Rational  Method  be  limited  to  systems  serv  ing  less  than 
50  ha. 

The  Rational  Method  has  also  been  used  to  estimate  storage  requirements  for  stormwater 
impoundments.  This  is  not  a recommended  practice  as  the  potential  for  error  is 
considerable.  This  is  demonstrated  by  Figure  4-3  abstracted  from  Winnipeg’s  Drainage 
Criteria  Manual. 


The  Rational  Method  is  a simple  and  widely  used  method  for  the  preliminary  sizing  of 
sewers  using  very  few  input  parameters.  A more  accurate  but  more  complex  method  of 
analyzing  storm  sewer  systems  can  be  carried  out  using  computer  models.  Most  computer 
models  have  a large  number  of  input  parameters  and  the  model  user  should  determine  the 
most  appropriate  parameter  values  based  on  the  user’s  manu^jahd  experience.  Computer 
modelling  is  discussed  in  more  detail  later  in  Section  4.6  « 


4.4.2  Isochrone  Method 


The  Isochrone  Method  is  a relatively  simple  estimating  a runoff  hydrograph  for 

an  urban  catchment.  The  basis  for  constructini|%the  hydrograph  is  a diagram  of 
runoff-time-area  and  a rainfall  hyetograph. 

The  time-area  diagram  is  construcfe^'fl^^ividing  the  drainage  basin  into  areas  of  equal 
time  of  travel  to  the  point  of  referen^^^  f f^re  4-4.  The  time  increment  used  should  be 
the  same  as  that  of  the  design  hyetograph.  The  hydrograph  is  computed  in  the  manner 
shown  on  Figure  4-4,  \^re  i is  the  excess  rainfall  (after  abstractions)  at  each  time  step. 
The  method  provides  %:^ydrograp^  hat  reflects  the  effects  of  the  rainfall  distribution;  this 
is  more  realistic  than  an  l^umption  of  a triangular  hydrograph  (a  method  sometimes  used 
with  the  Rational  Method). 


The  effe^s  o^he  varying  responses  from  pervious  and  impervious  areas  can  be  included 
in  the  me^d,^y  developing  time-area  diagrams  and  excess  rainfall  hyetographs  for  each 
separately.  The  excess  rainfall  hyetographs  for  impervious  areas  are  obtained  by 
subtracting  depression  storage  and  allowing  for  the  effects  of  surface  routing.  For  the 
pervious-area  hyetographs,  additional  abstractions  must  be  deducted  for  infiltration  using 
a relationship  such  as  Horton’s  equation  or  published  or  measured  values.  The  individual 
hydrographs  are  computed  in  the  marmer  described  above  and  are  then  added  to  give  a 
total  hydrograph. 


This  method  produces  a hydrograph  based  on  a realistic  storm  pattern  which  reflects  the 
effects  of  variations  of  rainfall  abstraction  during  the  storm.  The  time  area  diagrams  are 
more  easily  and  reliably  computed  where  a conveyance  system  exists  or  has  been 
designed  by  other  methods.  It  is  particularly  useful  for  making  preliminary  estimates  of 
stormwater  storage  requirements  for  urban  drainage  systems. 
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Figure  4.4 

Isochrone  Method 


The  isochrone  method  does  not  involve  complex  calculations  and  can  be  carried  out  by 
hand  for  small  areas  where  hydrographs  are  required  at  one  or  two  locations.  The 
calculations  become  time  consuming  for  large  areas  and/or  multiple  hydrographs. 

4.4.3  SCS  Method 

This  method  was  originally  developed  by  the  Soil  Conservation  Service,  U.S.  Department 
of  Agriculture  for  estimating  the  runoff  from  ungauged  agricultural  drainage  basins.  The 
method  has  been  subsequently  widely  applied  to  all  types  of  hydrology  problems 
including  urban  drainage.  The  validity  of  such  diverse  applications  has  been  questioned 
by  numerous  sources  in  particular  with  respect  to  urban  hydrology. 


In  this  method,  the  rainfall  runoff  relationship  is  expressed  in  the  form  of  runoff  curve 
numbers  (CN).  CN  has  little  intrinsic  meaning;  it  is  a nonlinear  transformation  of  a 
watershed  storage  parameter.  In  effect,  CN  relates  total  runoff  to  total  rainfall  for  a wide 
variety  of  land  uses  for  four  hydrologic  soil  groups  (A,  B,  C^apd  D)  and  three  antecedent 
moisture  conditions  (AMC  I,  II  and  III).  CN  values  for  mix^4;|nd  ^ses  or  soil  types  can 
be  determined  by  simple  weighting  procedures. 

The  depth  of  runoff  is  computed  by  a simple  eq|g^n  using  the  total  depth  of  rainfall  and 
CN.  CN  ranges  from  zero  (0)  which  will  produ^^o  runoff  for  any  rainfall  to  100  which 
produces  100-percent  runoff  for  any  rainfall.  Runo^^, hydrographs  are  then  generated  by 
unit  hydrograph  methodology. 


4.4.4 


The  SCS  method  can  be  used  in  4apf^alculations  for  small  drainage  basins.  This  is 
facilitated  by  charts  or  nomographi^fo|Tirban  applications  published  in  the  National 
Engineering  Handbook  and  Urban  Hydrology  for  Small  Watersheds  (TR55)  published  by 
the  US  Department  of  Apiculture. 


Deterministic  Methods 


Determini^^  methods  quantify  runoff  from  rainfall  and/or  snowmelt  by  simulating  the 
effects  o|theS^rious  components  of  the  process.  This  involves  computing  the  runoff  for 
a numbenqf^&rete  time  steps  for  the  duration  of  the  runoff  event.  Typically,  surface 
detention  storage  is  first  abstracted  from  the  rainfall  followed  by  the  abstraction  of 
infiltration  on  pervious  catchments.  Infiltration  is  usually  based  on  a relationship  such 
as  Horton’s  Equation,  which  relates  the  soil  absorption  and  infiltration  capacities  with  the 
current  rainfall  intensity.  Next,  the  excess  runoff  is  routed  overland  where  additional 
infiltration  may  be  deducted  if  the  water  flows  over  the  pervious  surfaces.  At  an 
appropriate  point  the  pervious  and  impervious  hydrographs  are  combined  and  may  be 
further  routed  through  channels  to  an  inlet  point. 


Deterministic  methods  involve  large  amounts  of  calculation  and  are  much  more  suited  to 
computer  modelling  than  to  hand  calculation.  None  of  the  existing  computer  models 
discussed  in  Section  4.6  are  purely  deterministic  although  a number  of  programs  are 
classified  as  deterministic  models.  For  practical  reasons  some  processes  and/or  physical 
characteristics  are  lumped  together  and  their  impact  is  quantified  empirically. 
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4.4.5  Snowmelt 


There  are  two  approaches  to  estimating  snowmelt  that  are  widely  used,  these  being  the 
degree-day  method  and  the  energy  budget  method. 

The  degree-day  method  simply  relates  snowmelt  to  mean  daily  temperature  by  a 
coefficient. 


SM  = C (T3  - T,) 


(5) 


where:  SM  is  the  snowmelt  in  mm/hr, 

C is  a coefficient, 

Tg  is  the  mean  daily  air  temperature,  and 

Tb  is  the  base  temperature  above  which  snow  melts. 


The  energy  budget  method  relates  melt  rate  to  a number  of ^tpospheric  parameters 


M = + Mh  + + Mp  + Mq 


where: 


M is  the  snowmelt  in 

Mrs  is  snowmelt  due  to  sh^f^ave  radiation, 

Mri  is  snowmelt  due  to  long  \^e  radiation, 

M^e  is  snowmelt  due  to  condensation  and  convection, 
Mp  is  snowme]|>4ue  to  heat  content  of  rain,  and 
Mq  is  snowm 


(6) 


to  heat  conduction  at  ground. 


In  practice,  these  equations  are  difficult  to  apply  for  two  reasons.  Most  of  the  parameters 
involved  have  to  be  estip^^ed,  and  the  equations  apply  to  a uniform  snowpack  (which  is 
rarely  the  case).  Also^^^less  recorded  snow  depth  and  snow  density  measurements  are 
available  (which  is  also  r^ely  the  case),  these  also  have  to  be  estimated. 


For  rural  c 
records  u4 

4.5  Hydrograph 


ents  the  effect  of  snowmelt  can  generally  be  estimated  from  streamflow 
tistical  methods  of  analysis. 

outing 


4.5.1  Hydrologic  Routing 

The  hydrologic  approach  to  flood  routing  is  based  on  the  storage-depth  and  depth- 
discharge  relationships  of  natural  stream  channels.  Simply  stated,  the  difference  between 
the  inflow  and  outflow  rate  at  any  time  is  equal  to  the  rate  of  change  of  storage  in  the 
reach.  This  method  assumes  that  the  routed  flow  is  changing  slowly  with  time  and  that 
the  dynamic  effects  of  flow  are  negligible.  These  conditions  apply  to  lakes  and  to  some 
natural  streams. 


Numerous  hydrologic  flood  routing  methods  have  been  developed  based  on  the  hydrologic 
routing  concept.  The  Puls  Method  for  reservoir  routing  and  the  Muskingum  Method  for 
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routing  hydrographs  on  rivers  are  well  known  and  widely  used.  However,  where  streams 
have  steep  slopes  or  where  flow  rates  vary  rapidly  as  in  urban  drainage  basins,  dynamic 
effects  of  flow  may  be  pronounced.  Other  methods  that  account  for  the  dynamic  effects 
are  noted  in  reference  to  various  computer  programs  (Section  4.6). 

4.5.2  Unit  Hydrograph  Methods 


The  unit  hydrograph  concept  is  widely  used  in  hydrology.  A unit  hydrograph  is  defined 
as  the  hydrograph  that  would  result  from  one  inch  of  excess  rainfall  falling  over  the  basin 
at  a uniform  rate  during  a specified  period  of  time  or  duration.  A unit  hydrography  is 
derived  by  analyzing  recorded  hydrographs  from  a gauged  drainage  basin  and  the 
associated  rainfall.  Various  procedures  are  available  for  deriving  a unit  hydrograph.  A 
further  development  of  the  method  is  the  concept  of  instantaneous  unit  hydrographs, 
which  provides  a unit  hydrograph  that  is  applicable  to  all  storm  durations. 


By  definition,  a unit  hydrograph  represents  the  routi%^ffects  of  the  physical 
characteristics  of  the  drainage  basin.  Thus,  a correlation”^  c^  be^j  made  between  unit 
hydrograph  parameters  (such  as  a peak  discharge,  lag  time,  and  t^tal%ase  time)  and  basin 
characteristics  including  (area,  basin  slope,  stre^  density  within  the  basin,  etc.).  Using 
these  derived  relationships,  a unit  hydrograph  c||iisbe  transferred  from  a gauged  basin  to 
ungauged  basin  and  be  used  to  predict  runoff 

% 

There  are  numerous  unit  hydrograph  methods,  all  using  varying  methods  of  derivation  and 
differing  relationships  between  hyd^a^aphs  and  basin  characteristics,  which  reflect  the 
hydrological  data  from  which  thef  derived.  These  methods  can  be  useful,  but 
particularly  in  urban  areas  their  valid^tjj..Joif  application  should  be  verified. 


4.5.3  Hydraulic  Routing 

% 

Flows  in  storm  sewers  arl^enerally  unsteady  and  nonuniform  when  a pipe  is  not  flowing 
full,  and  a^e  subject  to  backwater  effects  from  the  downstream  end  of  the  pipe.  Unsteady 
free-surfac,^^ow  in  sewers  can  be  represented  mathematically  by  the  St.  Venant  or 
shallow-\^ater^ave  equations. 

Expressed  in  terms  of  velocity,  the  St.  Venant  equations  are  given  by  equations  7 and  8 
below;  expressed  in  terms  of  flow,  they  are  given  by  equations  9 and  10  below. 
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(7) 


dt  dx 

IdV  ^ VW 
g dx  g dx 

dynamic  wave 


— (h  COS0) 

dx 


- 5. 


5^  = 0 


(8) 


quasi-steady  dynamic  wave 
diffusion  wave 


gA  dt 


kinematic  wave 

[Aj 

j__a 
gA  dx 

- ^ {h  COS0)  - S,  - = 0 X 1 

dx 

(9) 

dA 

* ^ = 0 V 

dt 

(10) 

where:  V is  the  flow  velocity 

Q is  the  discharge  rate,^' 
t is  time,  ^ \ ' 

X is  the  distance  along  ihe  sewer, 

g is  the  consult  for  acceleration  due  to  gravity, 

h is  the  flo^’  depth  above  the  invert  (measured  normal  to  x), 

A is  the  flomeross  sectional  area  normal  to  x, 

D is  the  hydra^ic  depth  (equal  to  the  ratio  of  A to  water  surface  width  B), 
is  the  angle  between  the  sewer  axis  and  horizontal  plane, 
sin  0,  the  sewer  slope,  and 
ispie  friction  slope. 


These  equations  provide  a good  approximate  representation  of  unsteady  sewer  flows. 
Solutions  of  these  equations  for  a sewer  system  are  rather  complicated,  requiring  the 
solution  of  numerous  simultaneous  equations  or  iterative  numerical  solutions.  Some 
computer  simulation  models  solve  the  complete  equations  but  these  models  tend  to  be 
expensive  to  operate.  This  degree  of  sophistication  is  not  always  warranted  with  respect 
to  cost  and  accuracy  of  simulation.  Approximate  solutions  to  the  equations  are  obtained 
by  eliminating  various  terms  in  the  momentum  equation  (8  or  9)  to  produce  simpler 
models  as  shown. 
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The  quasi-steady  dynamic  wave  approximation  neglects  only  the  local  acceleration  term, 
however  it  is  less  accurate  than  the  diffusion  wave  approximation.  The  diffusion  wave 
approximation  neglects  both  of  the  first  two  inertial  terms.  However,  the  retention  of  the 
pressure  term  still  permits  attenuation  of  the  hydrograph. 

The  Kinematic  wave  approximation  neglects  all  but  the  slope  terms  in  equation  (8  or  9). 
With  Sf  estimated  by  Manning’s  formula  or  others,  the  flow  is  considered  as 
instantaneously  steady  and  uniform.  This  approximation  is  widely  used  in  simulation 
models  as  it  allows  sewer  routing  to  proceed  pipe  by  pipe  from  the  upstream  end  to  the 
downstream  end  of  a system.  However,  downstream  backwater  effects  cannot  be 
accounted  for  using  Kinematic  wave  routing. 


The  Manning  formula  equation  (11)  is  widely  used  to  compute  the  steady  state  flow 
capacity  for  pipes  and  channels. 


Q = A*R®^'^*S®Vn  (11) 


where:  A is  the  cross-sectional  area, 

R is  the  hydraulic  radius, 

S is  the  slope,  and 
n is  the  friction  coefficient.  - 


Computer  Models 


In  recent  years,  the  use  of  compuf^^^^dels  for  carrying  out  hydrologic  and  hydraulic 
analysis  has  increased  rapidly.  This%e^i^  is  likely  to  continue  in  the  future,  particularly 
as  the  powerful  personal  computers  now  available  are  capable  of  using  large  and  complex 
computer  programs.  ^ 

Hi 

Numerous  computer  pro^ams  have  been  developed  to  model  hydrologic  and  hydraulic 
systems,  ^ost  of  these  programs  were  developed  for  specific  systems  to  provide  specific 
informatiqlk  Relatively  few  programs  are  designed  as  general  application  models  which 
can  be  ^pl^^  to  a wide  variety  of  problems  in  different  locations.  Such  general 
applicatio^r^ams  tend  to  require  a large  computer  capacity  and  extensive  input  data. 
These  programs  also  require  a considerable  level  of  effort  to  develop  the  expertise 
necessary  for  their  proper  use. 

A number  of  programs  that  are  useful  in  the  planning  and  development  of  stormwater 
management  systems  are  discussed  below.  The  following  are  examples  of  programs  that 
have  been  used  extensively  in  North  America.  There  are  other  models  that  can  be  used, 
such  as  MIDUSS,  Wallingford,  MOUSE,  etc.,  and  as  long  as  the  engineer  can 
demonstrate  that  the  model  is  appropriate  and  accurate  as  compared  to  the  commonly 
accepted  models,  they  can  be  applied. 
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4.6.1  Stormwater  Management  Model  (SWMM) 

This  program  was  developed  for  the  U.S.  EPA  and  has  been  publicly  available  since 
1973.  SWMM  is  one  of  the  most  comprehensive  modelling  programs  available  for  urban 
drainage  system  analysis.  SWMM  was  developed  to  provide  a common  basis  for 
evaluation  of  pollution  abatement  options  for  combined  sewer  overflows  throughout  the 
United  States.  To  ensure  that  the  model  is  applicable  to  a wide  range  of  climatological 
and  physiological  conditions,  the  hydrologic  and  hydraulic  routines  are  far  more  detailed 
than  is  normally  required  for  water  quality  studies. 


Because  of  the  sophistication  of  its  hydrologic  and  hydraulic  routines,  SWMM  has  been 
used  extensively  to  analyze  the  operation  of  complex  urban  drainage  systems.  The 
program  has  received  considerable  support  in  Canada  through  the  Ontario  Ministry  of 
Environment,  the  IMPSWM  Group  at  the  University  of  Ottawa,  McMaster  University,  and 
a number  of  municipalities  and  consulting  engineering  organizations. 


The  SWMM  package  consists  of  six  subprograms,  called  Bloc%,  wl^ch  are  controlled  by 
a main  program  called  the  Executive  Block.  Although  it  was\t§Aded  that  the  system 
should  operate  as  one  program  through  the  use  qf^overlays,  many  users  find  it  convenient 
to  operate  individual  blocks  as  separate  progilj|ps.  The  function  of  each  block  is  as 
follows: 


Runoff  Block 


RUNOFF  generates  runoff  hydrd^^^\§  from  a rainfall  hyetograph  and  a physical 
description  of  the  catchment  areas % §j^ulated  runoff  is  routed  overland  using  the 
kinematic  wave  method.  RUNOFF  also  generates  pollutographs  for  the  simulated  rainfall 
event  and  user  input  p^iutant  loadings. 


The  program 
catchment  surface 

V 


generates  runoff  for  three  hypothetical  sheets  representing  the 


Sheet  1 Is  afl^jmpervious  surface  with  no  depression  storage.  It  therefore  produces 
immediat^^ij^i^Trf.  Without  this  component  no  runoff  would  be  simulated  until  the 
accumulated  rainfall  exceeds  the  total  depression  storage  for  the  pervious  area,  an 
unrealistic  condition. 


Sheet  2 is  an  impervious  surface  from  which  all  the  impervious  area  depression  storage 
specified  by  the  user  is  abstracted  before  runoff  occurs.  The  relative  sizes  of  sheet  1 and 
sheet  2 are  user-specified. 

Sheet  3 is  the  pervious  surface  from  which  depression  storage  and  infiltration  are 
abstracted.  Infiltration  is  computed  by  either  the  Horton  equation  or  the  Green  Ampt 
equation  as  selected  by  the  user.  The  program  keeps  track  of  both  the  accumulated 
rainfall  and  accumulated  infiltration  as  well  as  the  instantaneous  rainfall  and  infiltration. 
It  routes  the  excess  rainfall  across  the  pervious  sheet  and  continues  to  infiltrate  surface 
water  in  transit  if  there  is  excess  infiltration  capacity.  Thus,  if  the  rainfall  hyetograph 


112/25615/994.84 


4-25 


contains  a very  intense  rainfall  time  step  followed  by  a low  intensity  time  step,  additional 
water  will  be  abstracted  during  the  second  time  step.  It  would  be  abstracted  from  that 
portion  of  the  excess  rainfall  which  did  not  flow  off  the  pervious  sheet  during  the 
preceding  time  step.  While  this  represents  a realistic  simulation,  it  is  a facility  which  can 
significantly  effect  results  as  discussed  below. 

The  program  adds  the  discharge  from  the  three  sheets  together  at  the  discharge  node. 
This  node  can  represent  the  inlet  point  to  a sewer  system,  for  subsequent  pipe-routing  by 
the  TRANSPORT  or  EXTRAN  BLOCKS,  or  the  inlet  point  to  a gutter  or  open  channel 
through  which  RUNOFF  can  simulate  additional  routing. 

All  of  the  input  variables  for  the  RUNOFF  BLOCK  are  deterministic,  except  for  W,  the 
width  parameter.  This  parameter  determines  the  shape  of  the  catchment  area.  If  W is 
relatively  large  with  respect  to  the  catchment  area,  a short  overland  flow  route  to  the  inlet 
will  be  simulated.  Conversely,  if  a relatively  small  value  of  W is  used,  a long  overland 
flow  route  to  the  inlet  will  be  simulated.  The  effect  of  W k tfre  same  for  all  three  flow 
sheets.  The  value  of  W can  affect  not  only  the  shape  of  the  -^^ulated  runoff  hydrograph 
but  can  also  affect  the  volume  as  runoff  due  to  the  infiltration ^t^lation  on  sheet  3. 

The  SWMM  manual  suggests  setting  W equ^l  ^io  twice  the  length  of  gutter  in  the 
catchment  as  an  initial  estimate  (which  should^^^efmed  by  calibration).  The  validity 
of  this  assumption  will  vary  with  the  degree  to  whi^  the  drainage  system  is  discretized 
and  the  physical  layout  of  the  catchment  area.  The  impact  of  this  parameter  is  often 
overlooked  when  calibrating  a RUbIQFF  model. 

Sf;.. 

Transport  Block 

TRANSPORT  simulat^^sifree  surface  (open  channel)  flow  of  runoff  through  a drainage 
conveyance  system  of^ipes  or  channels.  Input  data  to  TRANSPORT  are  hydrographs 
and  pollutographs  geneira^d  by  the  RUNOFF  BLOCK  (which  are  stored  on  a transfer  file) 
and  data  describing  the  conveyance  system. 

The  con^^ya^^  system  is  represented  as  a series  of  links  and  nodes  typically  representing 
the  pipes\nd  ^Slnholes  of  a sewer  system.  A number  of  other  sewer  elements  including 
weirs,  diver^ns  (branched  sewers),  pump  stations  and  storage  facilities  can  be  simulated 
as  special  types  of  nodes.  A number  of  common  pipe  and  channel  cross-sections  are 
available  within  the  program,  and  unusual  cross-sections  can  be  user-defined. 

In  practical  applications,  it  is  not  feasible  to  simulate  individual  pipes  and  manholes 
because  of  the  large  computer  memory  requirements  this  would  entail.  Typically,  the 
nodes  are  used  to  represent  junctions  where  significant  changes  in  flow  occur,  conduit 
sizes  change,  or  where  the  conduit  slopes  change.  The  Users  Manual  warns  that  there  is 
an  upper  limit  to  the  length  of  a link  of  about  1000  m required  to  maintain  computational 
accuracy.  There  is  also  a lower  limit  to  the  length  of  a link.  The  link  must  be  long 
enough  so  that  water  cannot  flow  from  the  upstream  to  the  downstream  end  of  the  link 
(simulated  conduit)  in  a shorter  time  than  the  computational  time  step  specified  for  the 
simulation.  If  this  situation  occurs,  water  will  be  lost  from  the  system. 
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TRANSPORT  cannot  simulate  surcharged  or  pressurized  flow  in  sewer  systems.  If  the 
inflow  at  a point  exceeds  the  ’full  capacity’  of  the  downstream  conduit,  the  excess  water 
is  stored  at  the  upstream  node  until  the  rate  of  flow  recedes  to  the  point  where  there  is 
excess  downstream  capacity.  The  stored  water  is  then  returned  to  the  system. 

The  flow  routing  routine  used  in  TRANSPORT  is  quite  sophisticated.  The  program 
approximates  the  solution  of  the  St.  Venant  equations  representing  gradually  varied, 
unsteady  flow  conditions  in  a conduit,  using  an  explicit  solution  technique.  Computations 
of  flow  conditions  are  made  for  all  elements  in  the  rondel  at  each  time  step,  starting  at 
the  upstream  ends  and  working  progressively  downstream. 


Downstream  effects  are  only  approximated  in  TRANSPORT.  This  is  not  normally  a 
problem  except  where  pipes  are  steep  enough  to  cause  supercritical  flows  to  occur.  In 
such  cases  flows  may  be  translated  through  the  conduit  without  any  routing.  Also,  where 
storage  elements  are  used  in  the  model,  including  super-pipes,  the  simulated  output  may 
imply  false  backwater  conditions  upstream  of  the  storage  el^t^^^t. 

TRANSPORT  has  the  facility  to  increase  conduit  sizes  where  si^j^ted  flows  exceed  the 
free  flow  capacity  of  the  system.  This  facility  cap>be  used  as  a design  aid  for  developing 
systems,  particularly  at  the  planning  stage. 


Extran  Block 


EXTRAN  is  a more  sophisticated  pip^^jouting  program  than  the  TRANSPORT  BLOCK. 
It  was  specifically  designed  to  model^^^mplex  sewer  systems.  EXTRAN  can  simulate 
backwater  conditions,  looped  pipes,l^o^p^  reversals,  and  surcharged  or  pressure  flow 
conditions.  This  enhanced  ability  to' simulate  complex  systems  is  achieved  by  a 
methodology  that  solve|=^^e  complete  St.  Venant  equations. 

Originally,  EXTRAN  c^h^ined  water  quality  routing  routines  which  have  subsequently 
been  rem^^ed  as  they  were  rarely  used.  The  program  has  been  used  extensively  for 
hydraulic  p^lysis  of  complex  sewer  systems,  particularly  for  projects  involving  flood 
relief  of  ^ombjned  sewer  systems.  Poor  documentation  compared  to  other  SWMM 
BLOCKS^qmJfhed  with  the  level  of  effort  required  to  develop  the  expertise  to  use  the 
program,  however,  appears  to  have  limited  its  use. 


EXTRAN  is  far  less  user-tolerant  than  other  SWMM  BLOCKS  due  to  the  potential  for 
mathematical  instabilities  to  occur.  Constraints  on  pipe  lengths,  slopes  and  specifications 
of  special  elements  (weirs,  flap  gates,  etc.)  are  more  demanding.  EXTRAN  requires  a 
very  small  computational  time  step,  generally  5 to  20  seconds,  resulting  in  a large  number 
of  calculation  steps.  Since  it  is  impractical  to  output  the  results  of  each  time  step, 
numerical  instabilities  can  propagate  through  the  system  between  output  cycles  (which  are 
generally  at  5-minute  intervals  or  longer).  This  makes  it  difficult  to  determine  the  source 
of  such  problems  as  the  effects  can  appear  both  upstream  and  downstream  of  the  source. 
One  approach  to  minimize  such  problems  is  to  develop  and  test  large  models  in  small 
segments. 
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The  ability  of  EXTRAN  to  simulate  surcharged  flow  was  the  principal  feature  that 
attracted  initial  users  of  the  program.  Unfortunately,  early  versions  of  the  program  were 
able  to  produce  significant  errors  under  heavily  surcharged  flow  conditions.  The  solution 
technique  uses  the  change  in  the  in-system  storage  (physical  pipe  volume)  over  a time 
step  to  maintain  continuity  in  the  simulation  process.  To  maintain  numerical  stability  in 
the  transition  from  in-pipe  flow  (relatively  large  storage)  to  surcharged  flow  (minimal 
storage  at  manholes),  artificial  storage  is  introduced  to  produce  a smooth  transition.  In 
the  early  versions  of  the  program,  artificial  storage  was  related  to  the  system  geometries 
and  could  become  excessively  large.  This  would  result  in  excessive  attenuation  of  the 
discharge  hydrograph,  and  consistent  underestimation  of  surcharge  levels.  This  problem 
has  apparently  been  controlled  in  recent  versions  of  SWMM.  However,  users  are 
cautioned  to  examine  the  results  for  heavily  surcharged  systems  critically. 

Storage/Treatment  Block 


The  STORAGE/TREATMENT  BLOCK  simulates  the 
of  stormwater  effluent. 


imp^p^,-©f  storage  on  the  quality 


Receive  Block 

The  RECEIVE  BLOCK  is  used  to  simulate 
effluent  on  the  receiving  stream. 


^impact  of  the  quality  of  stormwater 


Combine  Block 


The  COMBINE  BLOCK  is  a utility  rfiuti#' which  facilitates  the  modelling  of  systems  too 
large  to  model  as  a single  system.  TheXOMBINE  BLOCK  can  be  used  in  a number  of 
ways  including  collatin^s^^ta  sets  and/or  combining  data  sets  from  one  model  run  for 
input  into  another  mod|l. 


4.6.2  SWMM  - Derivatives 


There  ar 
Of  partic 


4.6.2.1 


CANSWMM 


her  of  modified  versions  of  SWMM  developed  by  various  organizations, 
est  are  the  following: 


Canadian  SWMM 


This  was  an  adaptation  of  the  early  version  of  SWMM  for  Canadian  conditions  developed 
for  Ontario  Ministry  of  Environment.  Snowmelt  routines  were  first  incorporated  in  this 
version.  Of  particular  interest  in  the  development  of  this  version  was  the  application  of 
the  model  to  studies  of  water  quality  in  receiving  streams  or  water  bodies. 

4.6.2.2  DDSWMM 

DDSWMM  (Dual  Drainage  Storm  Water  Management  Model)  is  a new  release  of  the 
OTTSWWM  model.  In  this  model  the  RUNOFF  BLOCK  has  been  modified  to  allow 
simulation  of  a dual  drainage  system  (minor  and  major)  DDSWMM  also  takes  advantage 


4-28 


112/256I5/994.S4 


of  the  recent  improvements  to  EXTRAN.  Apart  from  its  compatibility  with  the  new 
generation  of  EXTRAN,  DDSWMM  has  expanded  on  the  size  of  the  system  that  can  be 
simulated,  handling  systems  with  up  to  1,000  subareas,  pipes  and  major  system  segments. 

4.6.2.3  PCSWMM 

This  package  is  the  latest  version  released  by  the  EPA,  SWMM4.2,  Converted  to  run  on 
IBM-PC  and  compatible  micro-computers.  Input  and  output  have  been  modified  to  make 
it  screen-orientated.  The  package  includes  an  interactive  preprocessor  to  facilitate  the 
assembly  of  input  data,  including  some  error-checking  capabilities,  and  a post-processor 
statistical  package.  The  post-processor  is  designed  to  facilitate  interpretation  of 
continuous  water  quality  simulations. 

4.6.2.4  XP-SWMM 

XP-SWMM  is  an  enhanced  version  of  SWMM  coupled  v^t^^sthe  XP  interface.  The 
graphical  EXPERT  environment  (XP)  is  a friendly,  graphics'-^sed  ^environment  which 
encompasses  data  entry,  run-time  graphics,  and  post-processinf^^Jfresults  in  graphical 
form.  Drainage  networks  are  either  drawn  on  screen  over  real-world  topographical 
backgrounds  or  imported  from  a database.  It  has|h§>ability  to  handle  systems  comprising 
pipes  and  open  channels,  rivers,  loops,  bifurcati^^^  pumps,  weirs,  ponds,  etc. 

4.6.3  Hydrograph  Volume  Method  (HVM) 

In  Canada,  the  HVM  was  first  used  in^^mumber  of  stormwater  management  studies  in 
Toronto  in  1970.  The  model  was  sulse^pently  used  in  Vancouver  in  1974  as  part  of  a 
combined  sewer  separation  program  iiflftie  City’s  West  End.  This  model  was  the  first 
commercially  available,:JS^prmwater  model  that  could  deal  with  conduit  surcharging. 
However,  the  HVM  mo4?l  was  the  property  of  Dorsch  Consult  Limited  of  West  Germany. 
In  the  initial  decade  of  usage,  HVM  could  only  be  used  by  retaining  Dorsch  as  a 
consultant  This  restricted  fee  usage  and  interest  in  the  model  considerably.  As  a result, 
SWMM  w^h  EXTRAN  have  enjoyed  greater  popularity.  However,  the  HVM  has  been 
made  pub^cl^^vailable  on  a time-share  basis. 

The  HVM  mo3el  comprises  five  programs  which  can  be  run  together  or  separately.  The 
interfacing  of  data  between  programs  is  accomplished  by  means  of  an  Additional  Data 
Tape.  The  Additional  Data  Tape  is  essentially  a common  formatted  file  for  storing  the 
output  of  the  individually  run  programs  (Partial  Fill  Curves,  Model  Storm,  and  Surface 
Runoff)  prior  to  the  execution  of  the  Data  Editing  Program  and  finally  the  Sewer  Network 
Flow  Model.  These  programs  are  described  briefly  in  the  following  sections: 

Partial  Fill  Curves  Program 

The  Partial  Fill  Curves  Program  determines  several  hydraulic  elements  for  the  various 
types  of  system  conduits  (including  open  channels)  as  a function  of  depth.  The  hydraulic 
elements  are: 
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• Cross-sectional  area 

• Surface  width, 

• Hydraulic  radius, 

• Flow  rate,  and 

• Flow  velocity. 

For  flow  depth  greater  than  50  percent,  the  program  adjusts  for  the  influence  of  air 
friction  in  partially  full  conduits. 

Each  typical  geometric  shape  is  analyzed  and  the  computed  attributes  are  stored  on  the 
Additional  Data  Tape.  These  hydraulic  characteristics  are  referenced  whenever  that 
particular  type  of  conduit  is  encountered  in  the  Sewer  Network  Flow  Model. 

Model  Storm  Program 

The  Model  Storm  Program  develops  a synthetic  design  based  on  the  Chicago 

method,  originally  developed  by  Keifer  and  Chu  in  1957.  In^Ststo  t^e  model  are  the  IDF 
curve  parameters,  the  degree  of  advancement  in  peak  rainfall  intensify  (which  is  the  time 
to  peak  intensity  divided  by  the  total  storm  duratj.^),  the  storm  duration  and  the  time  step 
for  the  storm  discretization.  Output  from  the  plg^am  is  stored  on  the  Additional  Data 
Tape.  In  the  newer  metric  version  of  HVM,  thll^odel  is  a subroutine  of  the  Surface 
Runoff  Model.  \ 

Surface  Runoff  Model 

/ >• 

The  Surface  Runoff  Model  transforlgs  rainfall  hyetograph  (either  a real  event,  a 
separately  derived  design  storm,  or  the  synthetic  design  storm  from  the  Model  Storm 
Program)  into  inflow  bj^ographs  at  a catchment’s  inlet  point.  For  each  surface  type 
within  the  study  area,^H|e  nature  (that  is,  length,  slope,  roughness,  and  detention  depth) 
of  the  roof,  paved,  and  gr^n  areas  are  specified.  The  split  between  roof  and  paved  areas 
and  the  dc^estic  or  dry  wekher  flows  are  also  identified  here.  The  continuity  and  energy 
equations  solved  to  develop  the  specific  runoff  hydrographs  for  each  surface  type. 
Infiltratio^  is\|counted  for  using  Horton’s  equation. 

These  typicm  surface-type  hydrographs  are  stored  on  the  Additional  Data  Tape  for 
hydrograph  construction  in  the  Sewer  Network  Flow  Model.  When  a sub-basin  is 
identified  in  tile  Sewer  Network  Flow  Model,  only  the  surface-type  code,  the  area,  and 
the  percent  imperviousness  are  needed. 

Data  Edit  Program 

The  majority  of  the  computer  resource  cost  in  using  the  HVM  package  is  incurred  by  the 
Sewer  Network  Flow  Model.  The  Data  Edit  Program  is  an  error-checking  facility  that 
examines  and  flags  any  errors  in  the  Additional  Data  Tape  and  the  data  file  for  the  Sewer 
Network  Flow  Model. 
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Sewer  Network  Flow  Model 


4.6.4 


The  Sewer  Network  Flow  Model  simulates  the  dynamics  of  the  stormwater  management 
system  during  the  storm  event.  The  model  simulates  closed  conduits,  open  channels, 
overflows,  detention  facilities,  and  diverging  conduits.  Up  to  1100  conduits  and  special 
structures  can  be  simulated  in  one  run. 


The  basis  of  the  HVM  is  an  iterative  solution  to  the  St.  Venant  energy  and  continuity 
equations  in  finite  difference  form  at  each  time  step.  The  program  has  a significant 
advantage  over  SWMM’s  EXTRAN  BLOCK  in  that  the  Courant  condition  does  not  have 
to  be  satisfied  to  achieve  computational  stability  (a  5-minute  time  step  is  acceptable). 
The  program  fulfils  its  mathematical  requirements  by  assuming  that  all  of  the  upper  ends 
of  the  system  have  no  inflow  and  that  all  outfalls  have  an  HGL  which  is  a function  of 
flow.  A user  can  also  specify  the  inflows  and  HGLs  as  functions  of  time  by  putting  this 
information  on  the  Additional  Data  Tape.  In  this  way,  hydrograph  takeover  from 
upstream  systems  or  backwater  conditions  at  outfalls  can  b^||mulated. 

In  its  calculation  procedure,  HVM  takes  the  surface  runoff  hyc&ig^ph  for  each  conduit 
and  forces  the  flow  to  enter  the  system  along  |be  length  of  the  conduit.  This  is  done 
regardless  of  the  hydraulic  grade  line  elevation|^t^t  might  occur  in  the  conduit  system. 
This  representation  is  realistic  as  long  as  the  extfiS^of  simulated  conduit  surcharging  does 
not  greatly  exceed  ground  level  (in  HVM,  ground^yel  cannot  be  specified  as  an  HGL 
constraint  at  a manhole).  For  events  where  the  conduit  system  capacity  is  greatly 
exceeded  and  substantial  surchargin^jbove  ground  level  is  simulated,  the  hydraulics  are 
not  realistic.  Peak  flow  rates  for  the  pS^duits  will  be  greater  than  those  that  will  actually 
occur.  This  shortcoming  does  not  pr^lulfe  the  use  of  the  model  for  relief  sewer  planning 
(where  conduit  system  capacity  wilf  oe  provided  to  accommodate  a design  event). 
However,  use  of  HVI^^for  major  drainage  system  planning  requires  a considerable 
amount  of  judgemental 


Illinois  Urban  Drainage  Area  Simulator  (ILLUDAS) 


The  ILLUD/^.  model  was  developed  as  a tool  to  facilitate  the  design  of  urban  drainage 
systems,  ^^^ines  both  hydrologic  (runoff)  computations  and  hydraulic  (pipe  routing) 
analysis  in  one  model. 


The  hydrologic  computations  are  based  on  the  Isochrone  method  (reviewed  in  Section 
4.4.2).  Runoff  hydrographs  from  impervious,  supplementary  impervious,  and  pervious 
areas  are  computed  separately.  The  supplementary  impervious  hydrograph  is  added  to  the 
pervious  surface  hydrograph  prior  to  the  computation  of  infiltration  losses.  The  combined 
hydrograph  is  added  to  the  impervious  area  hydrograph  at  the  inlet  point.  Although 
infiltration  is  computed  by  the  Horton  equation,  user  options  are  limited  to  selecting  one 
of  the  four  Soil  Conservation  System  hydrologic  soil  groups  and  one  of  four  antecedent 
moisture  conditions.  Depression  storage  estimates  for  both  pervious  and  impervious 
surfaces  are  user-defined. 
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A simple  storage  routing  technique  is  used  to  simulate  flow  through  pipe  or  channel 
sections  in  the  drainage  network.  The  technique  uses  storage  discharge  relationships 
computed  by  the  planning  formula  and  a simple  storage  routine  formula.  Complete 
hydrographs  are  routed  through  each  reach  in  succession.  Backwater  conditions  are  not 
simulated  in  ILLUDAS. 

The  model  temporarily  stores  runoff  in  excess  of  each  pipe  capacity  at  the  upstream  pipe 
node  and  can  output  nodal  storage  volumes.  This  feature  is  useful  for  determining 
preliminary  storage  requirements  in  the  design  of  stormwater  storage  facilities. 


4.6.5  Hydrologic  Model  (HYMO) 


The  HYMO  program  was  developed  by  the  U.S.  Department  of  Agriculture  in  1973  and 
is  described  as  a problem-orientated  computer  language  for  modelling  surface  runoff  and 
sediment  yield.  The  program  is  designed  to  be  highly  interactive  allowing  the  user  to 
carry  out  a step-by-step  analysis  using  a set  of  command  w^d^  The  model  can  also  be 
operated  from  an  input  file  of  commands  and  data.  These  effi^mands  allow  the  user  to 
compute  a runoff  hydrograph,  compute  a rating  curve  for  a c&^]^l  reach,  compute  a 
travel  time  table  for  a channel  reach,  and  route  |s:kydrograph  through  a channel  reach  or 
a reservoir.  Additional  commands  enable  the  u^r^  store  and  retrieve  hydrographs  and 
rating  tables,  add  hydrographs  together,  and  prrf^r  plot  output. 

\ 

Rainfall  input  to  the  model  is  in  the  form  of  a mass  curve  instead  of  the  more  usual 
hyetograph  format.  The  program  ca^.only  retain  six  hydrographs  in  memory  at  a time, 
a minor  limitation  for  large  systems  which  can  be  overcome  with  careful  sequencing  of 
the  analysis  steps.  \ ' " 


Channel  routing  is  cai^i^  out  using  the  Variable  Storage  Coefficient  method  with 
modifications  to  accoUj^  for  changing  water  surface  slope  during  a flood.  HYMO  uses 
the  storage-indication  ^^thod  to  route  floods  through  reservoirs.  These  routing 
capabiliti^  are  superior  to^those  used  in  ILLUDAS  based  on  studies  carried  out  by  the 
IMPSWM'lijroup. 


Hydrogra^s  arl^generated  using  the  SCS  method  to  determine  the  rainfall  excess  and  a 
unit  hydrograph  developed  by  the  program  authors.  While  this  approach  provides 
acceptable  results  for  a wide  variety  of  rural  drainage  systems,  it  does  not  produce 
accurate  hydrographs  for  urban  catchments. 


The  simplicity  of  this  model  in  terms  of  both  user  modelling  expertise  and  data 
requirements  make  it  an  attractive  model  for  drainage  planning  purposes,  and  led  the 
IMPSWM  Group  to  develop  additional  procedures  to  model  urban  drainage  components. 


OTTHYMO/INTERHYMO 


The  OTTHYMO  program  contains  all  of  the  original  HYMO  commands  plus  three 
additional  commands  (URBHYD,  NASHYD,  and  KINROUTE)  developed  by  the 
IMPSWM  Group. 
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The  URBHYD  routine  is  designed  to  produce  results  consistent  with  those  produced  by 
the  RUNOFF  BLOCK  (SWMM)  for  large  lumped  catchment  areas.  URBHYD  uses 
essentially  the  same  hydrologic  input  data  as  RUNOFF.  Where  the  URBHYD  and 
RUNOFF  routines  essentially  differ  is  in  their  hydrograph  routing  procedures.  URBHYD 
uses  unit  hydrographs  derived  from  a synthetic  linear  reservoir  system  concept  to  simulate 
the  lag  effect  of  overland  flows. 

Runoff  hydrographs  from  pervious  and  impervious  surfaces  are  computed  separately  using 
different  reservoir  systems. 


The  NASH  YD  routine  gives  the  user  the  option  of  using  either  the  NASH  unit 
hydrograph  or  the  Williams  and  Hann  unit  hydrograph  originally  used  in  HYMO.  The 
NASH  unit  hydrograph  produces  a shorter  recession  limb  for  the  output  hydrograph  which 
may  be  more  appropriate  for  small  rural  watersheds.  In  addition,  the  user  can  specify  the 
initial  rainfall  abstraction  instead  of  using  the  fixed  relationship  in  the  SCS  method  in 
HYMO.  The  initial  rainfall  abstraction  can  be  based  on  %g^sAntecedent  Precipitation 
Index  (see  section  4.3.1).  « 


Rainfall  input  for  OTTHYMO  is  in  the  form  of  a=:4ijetograph,  making  it  compatible  with 
most  other  urban  drainage  models. 

KINROUTE  is  a routine  for  routing  flows  through  '^pe  systems  based  on  the  diffusive 
kinematic  wave  model.  Validation  of  the  model  has  indicated  that  results  compared 
favourably  with  sophisticated  dynamic  models  for  free  surface  flow  conditions.  The 
entire  hydrograph  is  routed  through  %p%e  section  before  proceeding  downstream.  This 
is  necessary  to  conform  with  the  bali.c  ^pperation  of  the  HYMO  program.  Backwater 
effects  are  not  simulated. 


INTERHYMO  is  a nli^e  recent  version  of  OTTHYMO  developed  by  Paul  Wisner  & 
Associates  in  1989.  INf^RHYMO  contains  all  of  the  capabilities  of  OTTHYMO  but  it 
is  expanded  further  with  new  subroutines  including  derivation  of  design  storms,  quasi- 
continuou^^^ulations,  lag  of  rural  and  urban  peak  flows  in  determining  the  runoff 
hydrograp,  shying  of  hydrographs,  calibration  parameter  file,  modified  areal  distribution 
factor  for\gte^logical  data,  and  interface  with  EXTRAN. 


4.6.6  Hydrologic  Engineering  Centre  Programs 


The  Hydrologic  Engineering  Centre,  a section  of  the  Corps  of  Engineers,  U.S.  Army,  has 
developed  and  continues  to  maintain  a number  of  comprehensive  programs  for  modelling 
hydrologic  engineering  problems.  In  particular  the  programs  STORM,  HEC-1  and  HEC-2 
may  be  useful  in  some  stormwater  management  applications. 


4.6.6.1  STORM 

The  STORM  program  is  primarily  a water  quality  model  capable  of  continuous  simulation 
of  runoff  events  and  pollutant  loadings  from  hourly  precipitation  records.  The  hydrologic 
routines  in  the  program  are  relatively  simple.  If  the  average  daily  temperature  is  below 


II 2/256 15/994.S4 


4-33 


a specified  threshold  value,  precipitation  is  accumulated  in  a snowpack.  If  the  average 
daily  temperature  is  above  the  threshold  value  precipitation  is  treated  as  rainfall  andbr 
the  residual  snowpack  is  melted  at  a rate  computed  by  the  degree-day  method. 

Two  methods  are  available  for  computing  runoff.  A coefficient  method  assumes  a 
constant  ratio  of  runoff  to  rainfall  minus  depression  storage.  Recovery  of  depression 
storage,  from  a specified  maximum  value,  is  computed  continuously  from  an  input 
average  evaporation  rate.  This  method  is  more  suitable  for  highly  impervious  drainage 
areas  than  for  pervious  areas. 


The  second  method  is  the  SCS  Curve  Number  Technique  with  provision  to  recover 
infiltration  and  detention  storage  capacity  during  dry  periods.  This  method  is  more 
suitable  for  pervious  drainage  areas.  The  program  will  simulate  dry  weather  flow  for 
combined  sewer  systems.  A triangular  unit  hydrograph  concept  is  used  for  routing  flows 
through  the  drainage  basin. 


The  water  quality  routines  allow  STORM  to  simulate  the  ae6^ula|ion  of  pollutants  on 
the  drainage  basin  during  dry  weather,  the  pollutant  wash-off  dur^gAnoff  events  and  the 
impact  of  overflow  diversions,  in-system  stor§.ge  and  treatment  on  the  discharge  of 


pollutants  to  a receiving  water  body. 


As  a hydrologic  model,  STORM  is  not  suitable  %r  simulating  high- intensity  short- 
duration  rainfall  events  which  typically  control  the  design  of  many  urban  drainage 
systems.  However,  it  has  been  u§^.  to  search  historical  rainfall  records  to  identify 
historical  high-runoff  events  or  high-pinqff  periods. 


4.6.6.2  HEC-1 


The  HEC-1  program  i§=^escribed  as  a flood  hydrograph  package  which  can  model  runoff 
from  precipitation  on  a^omplex,  multi-catchbasin,  multi-channel  river  basin.  The 
program  is  limited  to  analyzing  single  events  as  there  is  no  provision  for  recovery  of 
rainfall  ab^action  rates  during  dry  periods. 

Snowmeln^n  computed  using  either  the  degree-day  method  or  the  energy  budget 
method.  Rainfall  losses  (infiltration  and  depression  storage)  are  computed  by  a function 
relating  loss  rates  to  rainfall  intensity  and  accumulated  loss.  The  program  will  compute 
a unit  hydrograph  or  will  apply  a user-supplied  unit  hydrograph.  Channel  routing  can  be 
carried  out  using  one  of  six  optional  hydrologic  procedures  (Modified  Puls,  Muskingum, 
Working  R and  D,  Straddle  Stagger,  Tatum,  or  Multiple  Storage). 


An  unusual  and  valuable  feature  of  the  program  is  that  it  will  derive  loss  rate  and  unit 
hydrograph  coefficients  or  routing  coefficients  from  a recorded  hydrograph.  A procedure 
to  use  this  facility  to  calibrate  a system  model  is  described  in  the  program  users’  manual. 


The  program  also  has  the  facility  to  evaluate  alternative  scenarios  in  terms  of  floodplain 
damage-flow  frequency  relationships.  Scenarios  can  include  existing  conditions,  changes 
in  land  use,  increased  in-system  storage,  or  improved  channelization.  Comparisons  are 
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made  on  the  basis  of  estimated  average  annual  damage  costs. 


4.6.6.3  HEC-2 

The  HEC-2  program  compiles  the  water  surface  profile  for  river  channels  of  any  cross- 
section  for  either  subcritical  or  supercritical  flow  conditions.  The  effects  of  bridges, 
culverts,  weirs,  and  other  hydraulic  structures  can  be  modelled. 


Storage  discharge  curves  for  river  reaches  can  be  transferred  to  HEC-1  for  subsequent 
stream  routing  analyses.  This  program  is  widely  used  to  compute  backwater  profiles  in 
rivers  and  open  channels  and  for  floodplain  delineation. 


4.6.7  Model  Calibration  and  Verification 

Virtually  all  documentation  and  references  for  stormwater  modelling  programs  emphasize 
the  need  for  calibrating  and  verifying  models  developed,  |br  each  system  studied. 
Unfortunately,  this  is  impractical  in  most  cases  due  to  a l€c\of  measured  flow  data, 
especially  for  designing  new  urban  drainage  systems.  Data  are  n&e;Jikely  to  be  available 
to  calibrate  rural  watersheds,  as  a considerable  ^number  of  small  streams  in  Alberta  are 
gauged. 


Short-term  flow  monitoring  programs  are  recommeftijed  for  model  calibration  purposes 
in  the  analysis  of  existing  urban  drainage  systems.  This  has  been  carried  out  in  many 
municipalities.  A successful  flow  jc^onitoring  program  can  be  achieved  with  a good 
quality  assurance/quality  control  program.  A QA/QC  program  may  include 

some  of  the  following  procedures: 


Careful  selectipn^'^^of  a monitoring  site  to  ensure  that  it  is  not  affected  by 
backwater,  flot^turbulence,  or  pipe  sediments 


C^ibration  of  the  flow  monitor  in  a laboratory  environment  to  ensure  the  depth 
an^s^locity  sensors  are  accurate 


Ca^rajl&n  of  stage-discharge  relationship  and  the  Manning’s  roughness 
coeffiTient  for  the  monitoring  site  using  the  flow  monitor  and  a hand  held  velocity 
meter 


Robust  equipment  to  withstand  the  harsh  sewer  environment  (constant 
maintenance  is  required  to  clean  the  sensor  probes) 

Frequent  download  of  electronic  data  to  review  and  check  for  questionable  data 
deviations 


Carry  out  mass  balance  calculations  for  a network  of  flow  monitors  to  confirm 
that  there  is  flow  data  continuity ' 
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Long-term  flow  monitoring  provides  a more  comprehensive  flow  database  than  does 
short-term  monitoring.  With  a larger  database,  there  are  adequate  opportunities  for 
QA/QC  and  adjustments  of  flow  monitors  to  improve  the  accuracy  of  the  data  collected. 
However,  long  term  monitoring  programs  are  more  expensive.  The  City  of  Edmonton, 
for  example,  has  an  extensive  flow  and  rainfall  monitoring  program  which  has  been  in 
operation  for  several  years.  Other  municipalities  should  endeavour  to  implement  long 
term  rainfall/runoff  monitoring.  In  time,  such  programs  will  provide  a better  insight  into 
the  hydrologic  characteristics  of  their  urban  drainage  systems  and  facilitate  model 
calibration. 

With  little  or  no  calibration  data  available,  deterministic  models  such  as  SWMM  and  its 
derivatives  have  generally  been  acknowledged  to  be  the  best  representation  of  the 
rainfall/runoff  phenomena  in  urban  systems.  The  user,  however,  must  exercise  a 
considerable  degree  of  judgement  in  choosing  parameter  values  and  should  examine  the 
effect  of  each  variable  on  the  simulated  results. 

Irrespective  of  the  sophistication  of  a computer  modelf'%.  is  possible  to  generate 
significantly  different  results  for  the  same  project  with  seemin^^rfinor  variations  in  the 
input  data.  It  is  therefore  reasonable  for  loc^L^uthorities  to  require  those  conducting 
model  studies  to  justify  the  results  obtained  their  models.  An  indication  of  the 
sensitivity  of  the  results  should  be  given. 
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Section  5 

Stormwater  Quality 


5.0  Stormwater  Quality 

5.1  Introduction 


Historically,  there  has  been  a tendency  to  regard  stormwater  as  a relatively  minor 
pollution  source  - a nuisance  rather  than  a real  problem.  Numerous  studies  since  about 
1970,  however,  have  noted  that  there  is  significant  pollution  from  stormwater.  Urban 
runoff  can  have  characteristics  similar  to  raw  sewage.  It  is  usually  high  in  suspended 
solids  and  organic  matter  that  exert  an  oxygen  demand  in  the  receiving  waters.  It  can 
contribute  significant  concentrations  of  toxic  metals,  salts,  nutrients,  oils  and  grease, 
bacteria,  and  other  contaminants.  Stormwater  discharges  to  receiving  waters  can  thus 
have  significant  impacts  on  potable  water  supply,  aquatic  habitat,  recreation,  agriculture, 
and  aesthetics. 


The  natural  environment  has  some  ability  to  mitigate  the  impacts  of  pollution.  Relatively 
small  urban  areas  draining  into  large  lakes  or  rivers  are  %pjLikely  to  cause  significant 
effects.  If,  however,  an  outfall  is  located  close  to  a beach,  a ddfrtestiq  water  supply  intake 
or  a biologically  sensitive  area,  it  may  be  a significant  pollutic^’&^urce.  Surface  water 
quality  objectives  are  the  main  factor  to  be  considered  when  evaluating  the  significance 
of  an  urban  stormwater  discharge.  However,  thl.ji^  made  of  the  receiving  stream  is  also 
an  important  consideration. 

\ 

In  evaluating  stormwater  discharges  from  an  urban  environment,  the  cumulative  impacts 
of  future  development  and  the  back^qund  substance  loads  in  the  receiving  water  should 
be  considered.  While  one  outfalf  rpa%not  pose  a significant  problem,  it  can  set  a 
precedent  allowing  the  future  constiid^  of  outfalls  to  the  point  where  an  undesirable 
situation  results.  It  is  likely  that  little  can  be  done  to  correct  the  problem  when  it  does 
become  apparent,  sinc^^etrofit  techniques  are  often  prohibitively  expensive.  This 
situation  is  no  differ^t  from  that  associated  with  increased  flows  and  flooding,  and 
provides  further  supporf^^^pr  the  establishment  of  watershed  drainage  plans  and  master 
drainage  ©Ians  for  developing  areas. 


The  presfncel^l*  other  sources  of  pollution  must  also  be  considered.  If  a lake  or  river  is 
exhibitin|^|ignl\)f  distress  as  a result  of  domestic,  agricultural,  or  industrial  pollution,  it 
may  be  undesirable  to  introduce  additional  pollutant  loads  unless  they  are  very  small 
compared  to  the  background  concentrations. 


Generally,  urban  stormwater  is  a controllable  source  of  pollution.  As  a minimum, 
treatment  in  the  form  of  sediment  control  should  be  encouraged  where  feasible. 
Proponents  of  stormwater  drainage  systems  in  Alberta  are  advised  that  treatment  in 
addition  to  sediment  control  may  be  required  in  cases  where  water  quality  impacts  on  the 
receiving  watercourse  are  of  particular  concern.  Furthermore,  this  requirement  may  also 
lead  to  a regulated  monitoring  program  in  particularly  sensitive  watersheds. 

Stormwater  runoff  can  contain  a wide  variety  of  contaminants,  often  at  concentrations 
substantially  exceeding  ambient  surface  water  quality  objectives.  The  chemical  makeup 
of  stormwater  is  primarily  dependent  on  the  land  use  within  the  catchment  and  the 
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location  of  the  urban  area  with  respect  to  sources  of  atmospheric  pollution  such  as  major 
industries  or  other  large  developments.  The  concentrations  and  loadings  of  various 
contaminants  in  stormwater  are  directly  related  to  the  land  use  characteristics  by  the 
amount  of  impervious  surface  found  within  the  catchment  area.  In  general,  the 
stormwater  quality  discharged  from  a catchment  deteriorates  and  the  volumes  of  runoff 
increase  as  the  percent  impervious  area  increases.  Measured  contaminant  concentrations 
from  a number  of  studies  are  shown  in  Table  5-1  as  an  indication  of  typical  stormwater 
quality. 


It  is  difficult  to  relate  concentration  and  loading  data  from  other  studies  to  specific 
catchment  areas.  The  normal  practice  is  to  relate  anticipated  runoff  volumes  and  expected 
contaminant  loadings  to  land-use  types.  Similar  land-use  types  may,  however,  vary  in  the 
amount  of  impervious  areas  connected  to  the  stormwater  drainage  system  because  of 
inconsistencies  in  local  development  practices.  Also,  local  drainage  practices  vary.  The 
type  of  runoff  control  practices  that  predominate  in  one  catchment  may  not  be  consistent 
with  other  similar  land  use  catchments.  For  instance,  catc^^ents  with  curb  and  gutter 
drainage  controls  will  convey  larger  amounts  of  runoff  of  le^^^  quality  than  catchments 
with  grassed  swales. 


Although  there  exists  a wide  variety  of  drain^e^^practices  and  development  practices 
within  catchments  of  similar  land  use,  land  u^^an  still  be  an  important  indicator  of 
general  stormwater  quality.  Most  development  datl^re  reported  by  land-use  category. 
Land  use  can,  therefore,  be  a significant  predictive  tool  for  urban  hydrologists.  Table  5-2 
presents  typical  urban  pollutant  yields,  based  on  land  use  categories. 

Total  annual  loading  data  are  als%  a^^cted  by  annual  precipitation  and  intensity 
characteristics.  Since  most  references  normalize  their  data  by  area  and  land  use,  but  not 
by  precipitation,  there  wide  variation  of  concentrations  and  loads  reported  in  the 
literature.  Extrapolatr^.  of  from  one  study  area  to  another  should  only  be  done  by 
individuals  who  are  familiar  with  the  water  quality  characteristics  of  urban  runoff 


Water  Aspects  of  Stormwater 


The  poten%l  fcj'^tontamination  of  surface  waters  through  stormwater  runoff  is,  of  course, 
very  high  given  the  levels  of  contaminants  sometimes  associated  with  the  runoff. 
Uncontrolled  runoff  means  that  the  majority  of  the  contaminants  will  be  discharged 
directly  to  a receiving  stream. 


As  indicated  in  Tables  5-1  and  5-2,  stormwater  from  street  runoff  and  other  impervious 
surfaces  combined  with  runoff  from  pervious  ground  areas  such  as  lawns,  parks,  and 
agricultural  land  can  contain  a number  of  different  contaminants  in  relatively  high 
concentrations.  These  contaminants  can  have  significant  impact  on  the  quality  of 
receiving  streams. 
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Stormwater  flows  in  developed  areas  may  also  alter  natural  hydrologic  conditions  that 
exist  within  receiving  water  bodies.  These  alterations  can  negatively  affect  stream 
quality. 

Stormwater  control  practices  can  significantly  affect  the  quality  of  surface  water.  It  is 
important  therefore  to  consider  the  quality  of  the  stormwater  in  association  with  the 
preferred  method  of  control  to  make  certain  that  no  deterioration  in  either  surface  water 
or  groundwater  results. 


5.2.1  Surface  Waters 


5.2.1.1 


Alteration  of  Hydrologic  Conditions 


The  overall  hydrologic  impact  of  discharging  uncontrolled  stormwater  to  a receiving 
stream  is  normally  to  increase  peak  flows  and  decrease  low  flows.  Stormwater  discharged 
directly  to  a receiving  stream  increases  the  peak  flow  vol^i^s  normally  experienced, 
which  may  also  negatively  affect  erosion  patterns  and  chanfS^^hanpel  geometries.  Low 
flow  conditions  experienced  in  developed  areas  limits  available^iiktic  habitat  and  may 
concentrate  contaminants  through  increased  deposition. 


5.2.1.2 


Sediment  Loading 


Sediment  loading  is  perhaps  the  most  predominant  pollutant  category  associated  with 
stormwater  runoff.  Sediment  ffom  j^oth  pervious  and  impervious  areas  as  well  as  from 
new  development  or  construction  ^!t^^may  negatively  affect  receiving  water  quality. 

Sediment  transported  to  a stream  may  ¥ffect  water  clarity  thus  reducing  light  penetration 
and  altering  the  rates  Photosynthesis  in  aquatic  plants.  Sediment  deposited  in  a 
receiving  water  can  lif^f  the  availability  of  viable  spawning  and  rearing  habitats  for  some 
fish  species.  A number  bf  . nutrients  and  other  contaminants  associated  with  sediment  may 
be  transported  to  a receivmg  water,  causing  significant  deterioration  of  water  quality. 

Ultimatew,  liniment  deposited  in  a receiving  stream  may  alter  the  conveyance  and 
storage  c^acitps  of  the  stream,  resulting  in  channel  modifications  through  increased  rates 
of  erosion  aM  flooding. 


5.2.1.3 


Nutrient  Enrichment 


Urban  stormwater  runoff  may  contain  concentrations  of  nutrients  such  as  phosphates  and 
nitrates  above  those  normally  expected  in  undeveloped  areas.  High  nutrient  loadings  to 
receiving  waters  may  increase  eutrophication  rates.  The  excessive  growth  of  aquatic 
plants  found  under  eutrophic  conditions  may  also  limit  the  dissolved  oxygen  content  in 
the  water  body. 
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5.2.1.4 


Toxicity 


Many  contaminants  found  in  urban  stormwater  can  be  directly  toxic  to  aquatic  organisms. 
Some  forms  of  heavy  metals  such  as  copper,  zinc  and  cadmium  are  toxic  to  aquatic 
organisms  if  present  at  concentrations  above  water  quality  objectives.  Many  types  of 
pesticides  and  herbicides  may  also  be  found  in  stormwater  runoff  and  can  be  toxic  to 
aquatic  organisms. 

5.2.1.5  Microorganisms 

Bacteria  are  often  found  in  urban  stormwater  at  levels  above  water  quality  objectives. 
The  elevated  levels  may  be  due  to  cross-connected  sanitary  systems  or  combined  sanitary 
systems,  or  from  animalA)ird  waste.  Elevated  levels  of  bacteria  such  as  Fecal  coliform 
and  E-coli  can  result  in  recreational  impairment  of  a water  body. 


5.3.1.6 


Salt 


In  urban  areas  where  salt  is  used  during  the  winter  months  to  de-i&i.^/lhdways,  the  impact 
of  runoff  during  periods  of  snowmelt  can  be  qu|fe  significant.  Salt  concentrations  are 
generally  not  high  enough  to  be  directly  toxic  ^^h  and  invertebrate  species  but  can 
negatively  affect  the  growth  of  aquatic  plant  spee%$. 


5.2.1.7 


Water  Temperature 


Increased  direct  runoff  of  storm to  a receiving  water  can  increase  stream 
temperatures  to  a level  that  limits  t&  hftitat  viability  for  aquatic  organisms  that  are 
endemic  to  particular  stream  reaches."  ' Fish  species  and  aquatic  invertebrates  have 
temperature  preferences  |h^t  may  be  exceeded  during  periods  of  stormwater  runoff. 


5.2.2  Groundwater 


Stormwat#  cd^rol  practices  often  depend  to  some  degree,  and  in  some  cases  to  a large 
degree,  om^ie  ^^iltration  of  stormwater.  There  is,  therefore,  significant  potential  for 
groundwater  contamination  through  the  implementation  of  stormwater  controls  that  rely 
to  some  degree  on  infiltration.  The  following  is  a summary  of  research  carried  out  on 
the  potential  for  groundwater  contamination  through  infiltration. 


5.2.2. 1 Microorganisms 

Most  bacterial  organisms  are  normally  retained  in  the  upper  soil  layers.  Viruses  may 
enter  groundwater  through  infiltration  much  more  readily  than  bacteria.  Viruses  have 
been  found  at  concentrations  above  background  levels  in  groundwater  beneath  infiltration 
basins  where  the  aquifer  is  close  to  the  surface. 


11 2/2561 5/99 1.S5 


5-11 


S.3.2.2 


Metals 


Most  metals  including  aluminum,  arsenic,  cadmium,  chromium,  copper,  iron,  lead, 
mercury,  and  nickel  are  normally  associated  with  particulate  fractions  and  are  therefore 
mostly  removed  by  filtration  or  sedimentation.  The  effectiveness  of  stormwater  control 
alternatives  in  limiting  the  infiltration  of  metals  is  dependent  on,  among  other  factors,  soil 
characteristics  of  grain  size,  void  ratio  and  homogeneity. 


S.2.2.2  Nutrients 

Of  the  two  most  common  nutrients,  nitrogen  and  phosphorus,  nitrates  most  readily  and 
rapidly  infiltrate  into  groundwater.  Nitrates  are  one  of  the  most  frequently  encountered 
contaminants  in  groundwater. 


5.2.2.4 


Organics 


Groundwater  contamination  from  organics,  like  most  other  po^.ants^,occurs  more  readily 
in  areas  with  sandy  soils.  Sources  of  organics  include  urban  ancflh^rf  pesticide/herbicide 
use  and  industrial  facilities. 


5.2.2.S  Salts 


Salts  applied  to  road  surfaces  collect  in  snowmelt  and  travel  through  soil  layers  to 
groundwater  with  very  little  attenuatj^qn. 


5.3  The  Need  for  Water  Quality 


IS 


Rigorous  analysis  of  th^uality  of  urban  runoff  requires  the  collection  and  assessment 
of  a great  deal  of  data^ijt  is  usually  feasible  to  conduct  such  a thorough  analysis  for  only 
those  situations  where  sis|mwater  runoff  has  been  recognized  as  having  the  potential  to 
cause  recdving  water  impairment  in  critical  areas.  Simple  and  approximate  alternatives 
have  been^yeloped  to  address  most  common  stormwater  runoff  situations,  recognizing 
that  the  r^J^will  be  subject  to  some  degree  of  uncertainty. 

The  need  for*^ater  quality  analysis  should  be  considered  in  two  broad  categories.  First, 
if  a municipal  water  supply,  recreational  area,  or  particularly  sensitive  biological  resource 
is  likely  to  be  affected,  there  is  need  for  a fairly  comprehensive  analysis.  Similarly,  if 
there  is  potential  to  significantly  aggravate  an  existing  water  quality  problem,  such 
analysis  may  be  Justified.  Detailed  study  would  necessarily  include  extensive  data 
collection  taking  into  account  event,  seasonal,  and  annual  variation  in  a broad  range  of 
contaminant  concentrations.  Continuous  computer  simulations  that  include  multiple 
events  are  required  to  accurately  estimate  the  magnitude  and  frequency  of  loadings  and 
their  ultimate  fate.  The  computer  simulations  also  allow  evaluation  of  the  effects  of 
various  control  or  treatment  measures,  such  as  sewer  diversion  or  detention  ponds. 
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The  second  category  comprises  stormwater  discharges  which  do  not,  when  assessed  by 
themselves,  represent  a significant  receiving  stream  impact  but  whose  cumulative  effects 
may  be  of  concern.  The  scale  of  most  land  development  projects  in  Alberta  is  too  small 
to  cause  substantial  water  quality  impacts  by  themselves  or  to  justify  the  cost  of  extensive 
water  quality  studies.  The  potential  for  serious  problems  to  arise  due  to  the  cumulative 
impact  of  multiple  development  should  be  identified  at  the  river  basin  planning  or 
watershed  drainage  plan  levels.  Consideration  should  be  given  to  both  the  costs  of 
maintaining  water  quality  and  the  risks  associated  with  making  inadequate  provision  for 
stormwater  quality  control,  recognizing  the  high  cost  of  future  remedial  measures. 


Most  potential  water  quality  problems  fall  into  the  second  category  where  the  uses  of  the 
receiving  water  are  not  vital  and  there  is  no  evidence  of  immediate  serious  water  quality 
degradation.  In  such  instances,  the  use  of  stormwater  ponds  for  water  quality  control  in 
new  development  should  be  encouraged.  If  in  these  instances,  ponds  will  be  required  for 
flood  or  downstream  erosion  control,  their  benefits  in  improving  water  quality  should  be 
considered  as  a design  criteria.  The  additional  water  q^Jity  criteria  as  a design 
consideration  will,  in  most  instances,  involve  only  a small  ad^ional  expense. 


In  evaluating  the  significance  of  stormwater  dilution,  both  the  loadings  and  the 
concentrations  of  contaminants  must  be  considefe^^^  Loadings  are  usually  expressed  in 
kilograms  per  year.  Since  stormwater  pollution  e^pts  are  random  in  nature  (depending 
on  runoff  intensity,  inter-event  times,  and  climatic  vafl^bles),  consideration  must  be  given 
to  the  magnitude  and  distribution  of  loads  over  a number  of  years.  The  characteristics 
of  a receiving  water  must  be  evaluatejijn  terms  of  its  ability  to  assimilate  and  dilute  the 
loads  imposed  upon  it.  Concentratidh%sal^  important  for  this  as  the  assimilation  must  be 
evaluated  in  terms  of  receiving-stream %|)j^tives.  These  objectives  are  usually  expressed 
as  concentrations  for  those  contaminants  of  concern. 


5.3.1  Associated  Data  Coileellon  Requirements 

\ 

In  situation  where  the  water  quality  impacts  on  the  receiving  watercourse  are  of 
particular  c^^em,  a water  quality  sampling  and  simulation  study  should  be  conducted. 
Such  a sti^y^^uires  several  seasons  for  the  collection  of  field  data  and  a significant 
budget  for  aiyfysis  of  data  collected  from  previous  work  that  may  span  several  years. 
Several  seasons'  of  site-specific  field-data  collection  are  necessary  because  of  the  extreme 
range  of  environmental  conditions  that  can  be  encountered.  In  Alberta,  rainfall  events  are 
quite  variable  at  different  times  of  the  year  and  winter/spring  runoff  conditions  can  vary 
from  year  to  year.  Short  periods  of  data  collection  do  not  yield  sufficient  data  for  model 
calibration  and  verification.  The  filed  data  collection  activities  provide  data  points  which 
can  be  extrapolated  to  represent  design  conditions. 

5.3.2  Rainfall  Data 


Site-specific  rainfall  data  should  be  collected  from  a number  of  locations  within  the 
catchment  area  being  studied.  The  rainfall  data  are  collected  for  specific  storm  events  and 
used  to  calibrate  runoff  simulation  models.  Historical  rainfall  data  should  be  collected 
from  existing  monitoring  locations  to  determine  the  long-term  trends  in  frequency. 
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duration,  and  intensity  of  rainfall  events.  Rainfall  data  collected  over  a minimum  period 
of  1 0 to  20  years  are  required  for  long-term  evaluation  of  trends. 

5.3.3  Flow  Data 

If  a stormwater  collection  system  already  exists  (existing  development  area),  flow  data 
from  strategic  discharge  points  should  be  collected  in  association  with  the  rainfall  data 
during  specific  storm  events.  These  data  should  be  collected  over  several  seasons  for 
representative  storm  events  and  used  to  calibrate/verify  the  simulation  model.  This  allows 
the  models  to  be  used  with  a reasonable  degree  of  confidence  for  continuous  runoff 
simulations. 


5.3.4  Runoff  Quality 


5.3.5 


Contaminant  concentration  data  may  also  be  collected  from  strategic  locations  within  the 
catchment  area  being  studied.  The  range  of  contaminants  tc^bg^jcsampled  depends  on  the 
particular  land  use  in  the  catchment  area  of  concern  and  nature  of  the  receiving 
environment.  Generally,  water  quality  sampling  programs  for  urBltq^, development  include 
the  following  parameters: 

• Total  suspended  solids  (TSS), 

• Total  dissolved  solids  (TDS), 

• Biochemical  oxygen  demand  (BOD), 

• Total  phosphorus  (TP), 

• Total  nitrogen  (TN), 

• Lead  (Pb), 

• Zinc  (Zn), 

• Total  coliforms, 

• Faecal  colifbrm^ 

and  parameters  for  industrial  discharges  are  not  covered  by 


% 

Note  that  sampling  programs 
these  guidelines. 


In  new  development  areas  the  sampling  program  should  be  conducted  on  catchments 
having  a similar  land  use  adjacent  to  the  area  of  planned  development.  The  program  must 
capture  data  for  a full  range  of  runoff  events  (large  and  small)  during  the  study  period. 
Complete  runoff  events  must  be  sampled.  Missing  data  for  contaminant  washoff  during 
the  earlier  part  of  the  storms  will  prevent  the  proper  material  balances  from  being 
calculated.  The  high  concentration  of  many  contaminants  in  the  early  part  of  storms, 
referred  to  as  the  "first  flush",  is  a common  phenomena.  It  is  caused  by  the  rapid 
mobilization  of  contaminants  attached  to  fine  sediments  on  impervious  surfaces  and  by 
the  flushing  of  catchbasins  and  manholes  by  the  first  runoff  from  a storm. 


Obtaining  data  from  the  early  portion  of  a runoff  event  poses  difficult  logistical  problems 
because  of  the  need  for  rapid  mobilization  of  sampling  crews  in  response  to  incoming 
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storms.  A substantial  budget  is  required  to  keep  crews  in  a state  of  readiness,  and  man\- 
"dry"  runs  should  be  anticipated  as  crews  arrive  before  forecasted  rainfalls  that  do  not 
materialize.  The  need  for  night  and  weekend  data  collection  is  a further  logistical 
problem.  Automatic  sampling  equipment  is  a partial  solution,  but  requires  extensive  setup 
and  calibration.  Also,  such  equipment  is  prone  to  failure  and  requires  frequent  checking. 

5.4  Modelling 


5.4.1 


Several  years  of  data  collection  are  often  inadequate  to  characterize  contaminant  loadings 
over  a broad  range  of  environmental  conditions.  Data  collection,  analysis,  and  monitoring 
programs  can  also  be  extremely  costly.  The  data  collected  from  a less  extensive  but  more 
intensive  sampling  program  can,  however,  be  used  to  calibrate  computer  models  which 
simulate  the  loading  of  contaminants  over  a more  lengthy  period.  There  is  a broad  range 
of  available  computer  models  for  the  assessment  of  stormwater  runoff  loadings.  Five 
commonly  used  computer  software  packages  that  calculate  continuous  simulations  of 
hydrologic  conditions  and  water  quality  are  the  U.S.  Army  of  Engineers’  STORM 
model,  the  U.S.  EPA’s  SWMM  4.3  model,  the  U.S.  EPA’/%§PF,<model,  U.S.  EPA’s 
WASP,  and  the  U.S.  EPA’s  QUAL2E-U  model. 


Each  model  is  capable  of  the  long-term  continu%^^imulation  necessary  for  the  analysis 
of  contaminant  loads.  The  STORM  model  and  ^^^M  model  are  used  primarily  for  the 
assessment  of  runoff  conditions  in  a given  stormwater  drainage  basin.  WASP  and 
QUAL2E  are  used  primarily  for  the  assessment  of  receiving-stream  impacts  resulting  from 
stormwater  runoff.  HSPF  can  add;^^  both  runoff  quality  and  instream  impacts.  The 
selection  of  an  appropriate  model  a^d^'^^omplexity  of  the  analysis  is  determined  by  the 
nature  of  the  problem  and  the  type  ol^driihage  system  under  study,  the  type  of  analysis 
required,  the  objectives  or  required  outcome,  and  the  data  and  budget  available  for  the 
work. 


Modelling  Consideration 

Once  a moj^  has  been  selected,  data  and  model  limitations  must  be  considered.  Water 
quality  m|dein.re  comparatively  complex,  so  experienced  personnel  are  required  for  their 
applicatiork  Si^e  quality  models  are  significantly  less  accurate  than  quantity  models, 
expectations 7or  the  final  study  must  reflect  these  limitations  to  avoid  high  modelling 
costs  that  do  not  yield  the  anticipated  results.  The  following  points  should  be  kept  in 
mind  when  designing  a water  quality  modelling  study: 


Initial  modelling  efforts  should  be  kept  as  simple  as  possible.  Approximate  results 
may  be  adequate  for  decision-making,  particularly  if  the  costs  of  more 
sophisticated  modelling  are  prohibitive.  Where  detailed  modelling  is  planned  from 
the  outset,  coarse  screening  models  should  still  be  used  to  test  whether  the  detailed 
simulation  will  yield  useful  results. 


Lumped  catchment  modelling  is  often  advisable,  as  the  quality  of  the  available 
runoff  and  contaminant  loading  data  normally  limits  the  accuracy  of  the 
modelling.  Detailed  discretization  usually  will  not  yield  further  information. 
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• Continuous  simulation,  at  least  during  the  screening  process,  is  essential.  The  rate 
of  contaminant  buildup  and  the  antecedent  moisture  conditions  have  a major  effect 
on  loadings.  Analysis  of  contaminant  accumulation  requires  the  use  of  continuous 
simulation. 

• Selected  design  storms  may  be  of  use  in  testing  treatment  facility  design  and  the 
impact  on  receiving  waters  once  continuous  simulations  have  been  completed. 
The  design  storms  can  be  established  through  frequency  analysis  of  the  output 
from  the  continuous  simulation  modelling. 

• Calibration  procedures  should  concentrate  first  on  establishing  a good  match  of 
runoff  volumes  and  peaks,  often  by  examining  a subset  of  single  event 
simulations.  Calibration  of  contaminant  buildup  and  washoff  can  then  be 
undertaken  in  a continuous  mode. 

• It  is  generally  advisable  to  limit  contaminant  simulati^g,^to  a few  parameters  such 
as  TSS,  TDS,  BOD,  TN,  and  coliforms.  Other  ^If^tamipants  can  often  be 
associated  with  the  loading  function  for  one  of  these  parltsa^ers. 

The  above  comments  relate  to  urban  runoff  mo%lJling  for  estimating  contaminant  loads. 

Studies  that  include  modelling  receiving-streaiw^l^pacts  and  contaminant  transport  and 

reaction  processes  are  considerably  more  comple^^nd  require  careful  planning  and 

execution. 


5.4.2  Urban  Runoff  Water  Quality  Models 

>:  V- 

5.4.2.1  STORM 

The  STORM  modeHiJprmally  has  the  advantages  of  lesser  data  requirements  and 
simulation  costs  than  tlie^^  other  models.  Used  as  a water  quality  model,  it  is  used 
primarily  ^ generate  hourly  contaminant  loadings  to  the  receiving  water.  The  two  types 
of  output  ^^erated  by  the  model  include  information  on  the  quantity  of  runoff  and  the 
quality  o^ ru^|f  (pollutographs)  over  the  simulation  period.  STORM  is  limited  in  its 
assessmenkpf  ^Mer  quality  parameters  to  a select  number  and  type  of  pollutants. 

The  Storm  model  has  been  adapted  to  run  continuous  simulations  using  hourly  rainfall 
records  over  a 1-year  rainfall  record.  The  STORM  model  provides  estimates  of  the  mean 
stormwater  runoff  frequencies  and  volumes  over  the  simulation  period.  This  analysis 
allows  the  assessment  of  the  mean  performance  of  various  stormwater  control  alternatives. 
This  analysis  can  be  used  to  size  storage  and  treatment  elements  for  runoff  quantity  and 
quality  control.  The  model  considers  seven  elements  in  its  control  analysis: 

• Rainfall/snowmelt 

•-  Runoff 

• Dry  weather  flow 

• Pollutant  accumulation  and  runoff 

• Land  surface  erosion 
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• Treatment  rates 

• Detention  storage 

A typical  STORM  model  assessment  may  include  altering  the  treatment  rate  and  land  use. 
and  taking  note  of  which  changes  have  occurred  in  the  system  response.  Hydrologic 
applications  of  STORM  have  been  described  in  Section  4. 

5.4.2.2  SWMM  4.3 

The  SWMM  4.3  program  is  more  complex  in  its  characterization  of  washoff  processes 
and  stormwater  runoff  systems.  SWMM  is  adynamic  model  capable  of  simulating 
varying  flows  and  various  points  of  discharge.  The  model  can  simulate  the  loading  of  a 
wider  range  of  pollutants  than  the  STORM  model.  Also,  SWMM  4.3  can  more  readily 
simulate  storage  treatment  facilities  such  as  retention  ponds  and  receiving-water  impacts 
and  can  be  used  to  determine  both  the  impacts  of  stormwater  runoff  and  the  effectiveness 
of  treatment  facilities.  The  SWMM  4.3  model  is  comprise  ,^ff  a number  of  “Blocks”. 
The  RUNOFF  block  generates  surface  and  subsurface  rund!f%:bas^d  on  rainfall  and/or 
snowmelt  hyetographs  antecedent  conditions,  land  use,  and  topography.  The  SWMM  4.3 
model  is  capable  of  very  complex  routing  using^ihe  RUNOFF  and  TRANSPORT  blocks 
which  route  pollutant  flows  through  the  dr&^^e  system.  The  STORAGE  AND 
TREATMENT  block  simulates  the  implem^lfelion  of  various  stormwater  control 
alternatives.  Output  from  the  model  includes  hydro^phs  and  pollutographs.  Hydrologic 
applications  of  SWMM  4.3  have  been  described  in  Section  4. 

5.4.2.3  QUALHYMO  \ 

X*  >:  X* 

X*.  .V 

Xv.  .<•* 

QUALHYMO  is  a planning  level  continuous  water  quality  and  quantity  simulation 
program  developed  in  }0%3  at  University  of  Ottawa  for  the  analysis  of  stormwater  and 
pollutant  runoff.  The  %^cture  of  QUALHYMO  is  based  on  the  HYMO  and  OTTHYMO 
programs  discussed  in  S^tion  4.6.5  It  consists  of  a series  of  subroutines  for  simulating 
rainfall  ^d  runoff  from  a rural  or  undeveloped  watershed  to  an  urbanized  watershed. 
It  can  cai^k  out  continuous  simulation  of  rainfall  and  runoff,  and  routing  through 
detentionlpoii^^  and  natural  channels  for  water  quality  control  and  assessment.  The 
constituei^  th^  can  be  simulated  are  stormwater  runoff  consisting  of  pollutants  with  first 
order  decay  and  sediments  of  varying  size  fractions.  The  components  which  the  program 
can  simulate  are  catchments,  detention  ponds,  river  reaches,  and  flow  diversions.  Some 
of  the  typical  commands  that  the  program  uses  are:  GENERATE  to  generate  runoff  and 
pollutant  loads,  POND  to  route  flows  and  pollutants  through  a detention  storage  pond, 
POLLUTANT  RATES  to  establish  pollutant  source  rates  and  appropriate  parameters, 
CALIBRATE  to  compare  two  pollutant  or  flow  series,  and  EXCEEDANCE  CURVES  to 
calculate  the  number  and  duration  of  flow  and  concentration  exceedances. 
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5.4.3  Receiving  Stream  Water  Quality  Models 


5.4.3.1  HSPF 


HSPF  is  the  most  sophisticated  and  powerful  of  the  models  described  here,  but  has 
comparably  high  data  requirements  and  computing  costs.  HSPF  can  simulate  loadings, 
effectiveness  of  treatment,  and  receiving-water  response.  Since  HSPF  can  also  simulate 
point  and  rural  non-point  contaminants,  it  can  be  used  in  the  analysis  of  complex 
watersheds  involving  a wide  variety  of  contaminant  types  and  sources.  The  continuous 
rainfall  input  to  HSPF  is  divided  into  interception  losses,  infiltration,  and  runoff  from 
impervious  surfaces  to  compute  a continuous  hydrograph  of  flow  at  the  catchment  outlet. 
Total  stream  flow  is  calculated  as  a combination  of  surface  runoff,  interflow,  and 
groundwater  flow.  HSPF  allows  an  integrated  analysis  of  these  runoff  characteristics  with 
receiving-water  impacts.  The  model  can  simulate  an  extremely  wide  range  of 
contaminants  as  well  as  receiving-water  reactions  including  hydrolysis,  oxidation, 
biodegradation,  volatilization,  and  sorption. 

S.4.3.2  QUAL2E-U 


QUAL2E-U  is  a comprehensive  and  versatile  s%gam  water  quality  model.  QUAL2E  is 
capable  of  simulating  a wide  range  of  pollutan^'^es  through  a mass  transport  analysis 
of  branching  stream  systems.  The  water  quality%onstituents  that  QUAL2E-U  can 
simulate  include: 


X 


Dissolved  oxygen  ^ 

Biochemical  oxygen  demand  \ 
Temperature 
Chlorophyll  a 
Ammonia 
Nitrite 
Ni§-ate 
Pl^toate 
c|li^^s 

Ort^^no^onservative  constituent 
Three  conservative  constituents 


QUAL2E-U  provides  a hydrologic  balance,  a heat  balance  and  a materials  (pollutant) 
balance  at  each  defined  reach.  QUAL2E-U  considers  both  advective  and  dispersion 
transport  processes  in  the  analysis  of  contaminant  fate  and  transport.  QUAL2E-U 
however,  does  not  simulate  flow  conditions  that  vary  with  time. 


S.4.3.3  WASPS 


The  Water  Quality  Analysis  Simulation  Program-5  (WASPS)  is  an  enhancement  of  the 
original  WASP  program  developed  in  the  1980’s.  The  WASPS  system  is  a program  that 
can  model  aquatic  systems,  including  the  water  column  and  the  underlying  benthos.  The 
program  can  help  users  to  interpret  and  predict  water  quality  responses  to  natural  and 


5-18 


1 12/2561 5/99 1.S5 


man-made  pollution  for  pollution  management  decisions. 

The  WASPS  system  comprises  two  stand-alone  computer  programs,  DYNHYD5  and 
WASPS,  that  can  be  run  in  conjunction  or  separately.  The  hydrodynamics  program, 
DYNHYDS,  simulates  the  movement  of  water  while  the  water  quality  program  WASPS, 
simulates  the  movement  and  interaction  of  pollutants  within  the  water. 

WASPS  is  supplied  with  two  kinetic  sub-models,  EUTROS  and  TOXIS,  to  simulate  two 
of  the  major  classes  of  water  quality  problems:  conventional  pollution  (involving 
dissolved  oxygen,  biochemical  oxygen  demand,  nutrients  and  eutrophication)  and  toxic 
pollution  (involving  organic  chemicals,  metals,  and  sediment) 

WASPS  analyzes  a variety  of  water  quality  problems  in  water  bodies  such  as  ponds, 
streams,  lakes,  reservoirs,  rivers,  estuaries,  and  coastal  waters. 
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Section  6 

Stormwater  Best  Management  Practices 


\ 


\J 


6.0  Stormwater  Best  Management  Practices  (BMPs) 

6.1  Introduction 


6.1.1  General 

Stormwater  Best  Management  Practices  (BMPs)  are  methods  of  managing  stormwater 
drainage  for  adequate  conveyance  and  flood  control  that  are  economically  acceptable  to 
the  community.  BMPs  are  stormwater  management  methods  that  retain  as  much  of  the 
“natural”  runoff  characteristics  and  infiltration  components  of  the  undeveloped  system  as 
possible  and  reduce  or  prevent  water  quality  degradation. 


The  selection  and  design  of  stormwater  BMPs  must  incorporate  water  quantity  and  water 
quality  concerns.  Many  common  stormwater  management  practices  are  limited  in  terms 
of  the  environmental  benefits  they  provide.  Common  practices  such  as  armoured  channels 
and  direct  discharge  outfalls  are  good  conveyance  practices  b^t  pay  result  in  substantially 
more  detriment  to  the  environment  than  environmental  b6llfe^.fit.  Most  designers  of 
stormwater  management  facilities  now  recognize  that  stormwat^qAlity  and  the  impact 
of  stormwater  management  facilities  on  the  environment  are  important  factors  to  consider 
in  their  selection  of  management  practices. 


BMPs  that  address  source  controls  such  as  street  swB^ing,  catchbasin  cleaning  and  anti- 
litter regulations  should  be  a component  of  specific  drainage  plans.  Source  controls  can 
have  a significant  effect  on  the  totai,.contaminant  load  discharged  to  a receiving  water 
body.  The  optimum  frequency  of  s#e<^%^eeping  and  catchbasin  cleaning  depends  on  the 
nature  of  the  development.  Anti-%ei|Tegulations  are  normally  a component  of  a 
municipal  bylaw  that  addresses  all  forms  of  development.  Source  controls  alone  do  not 
reduce  the  total  contam^^pt  loads  to  acceptable  levels  in  most  development  areas.  It  is 
important  to  consider ^^rther  treatment  and  runoff  controls  in  the  selection  of  BMPs. 


It  is  recognized  that  most  annual  urban  runoff  quantities  are  the  result  of  more  common 
smaller  sto^s.  Large  storms  are,  however,  the  focus  of  most  drainage  design  because 
they  repr^em^^he  most  significant  conveyance  problems.  In  terms  of  water  quality,  the 
more  freq\ent  ^all  storms  also  represent  the  largest  pollutant  load  to  receiving  waters. 
Large  storm^ontribute  significant  contaminant  loadings  but  usually  over  a limited  time 
period. 


The  application  of  BMPs  to  stormwater  management  requires  the  consideration  of  a new 
comprehensive  set  of  criteria.  These  criteria  include  all  aspects  of  traditional  conveyance 
practices  and  incorporate  additional  environmental  criteria  that  are  selected  to  preserve 
hydrologic  conditions  and  water  quality.  This  section  reviews  the  types  of  BMPs  that  are 
in  common  practice  and  discusses  their  performance  as  well  as  design  and  selection 
considerations. 


While  the  BMPs  presented  in  these  guidelines  relate  primarily  to  stormwater  control  in 
the  final  development,  it  is  just  as  important  that  measures  be  taken  to  control  stormwater 
during  the  construction  of  the  development.  Temporary  sediment  and  erosion  controls 
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should  be  installed  to  protect  adjacent  areas.  Sediment  and  erosion  controls  are 
particularly  important  during  construction.  Temporary  perimeter  drainage  swales  directed 
to  a temporary  detention  pond,  filter  cloth  and  check  dams,  infiltration  catchbasins.  timed 
staging  of  excavation,  protection  and  maintenance  of  vegetation  covers,  are  some  of  the 
techniques  applied. 

As  described  previously  in  Section  3,  good  planning  and  design  integrates  the  design  of 
a site  and  the  design  of  the  stormwater  management  facilities  into  one  process.  Similarly, 
the  integration  of  (BMPS)  into  the  planning  and  design  process  of  the  drainage  system 
is  essential  if  an  effective  stormwater  management  plan  is  to  happen.  The  BMPs 
described  in  this  section  should  be  applied  when  designing  the  drainage  system. 


Although  BMPs  are  presented  as  individual  elements,  they  should  be  used  either  as  stand 
alone  facilities  or  in  combination  when  designing  the  overall  drainage  system  for  the 
particular  site.  Site  specific  conditions  and  characteristics  will  govern  the  stormwater 
management  solutions  given  in  these  guidelines.  It  is  be  up^p^^j&ne  designer’s  experience 
and  judgement,  and  the  requirements  of  the  local  regulat^^.^  agencies,  to  design  an 
appropriate  stormwater  management  plan. 


Stormwater  BMPs  that  may  be  considered 
are  discussed  in  the  following  order: 


^ppiwater  quantity  and  quality  controls 


Source  control  BMPs 
Lot-level  BMPs 

Conveyance  system  BMPs  . 
End-of-pipe  BMPs  I \ 


6.1.2  Design  Criteria  for  Stor«n water  Quality  Control 

The  "first  flush"  runoff  ^.m  a storm  is  commonly  thought  to  be  the  most  contaminated. 
Also,  a st^dy  in  the  U.S.  Sf  cities  with  widely  varying  climatic  conditions  revealed  that 
most  of  th^^noff  in  urban  areas  is  generated  by  small  storms,  that  is,  storms  smaller 
than  the  ^moh|h  storm,  and  generally  produce  less  than  12  mm  of  runoff  The  study 
indicates  mt,  i j^iost  cases,  less  than  12  mm  of  storage  is  required  to  capture  90  percent 
of  the  runon^hd  that  25  mm  of  storage  is  required  to  capture  over  95  percent  of  the 
runoff  (by  volume,  on  an  average  annual  basis).  Studies  carried  out  in  Ontario  also 
indicate  that  storing  the  first  25  mm  of  a storm  would  result  in  a capture  rate  of  95 
percent  of  the  annual  precipitation.  In  Ontario,  they  found  that  storing  the  25  mm  for  24 
hours  also  serves  to  mitigate  erosion  concerns.  In  Edmonton  they  found  that  in  areas  with 
60  percent  directly  connected  impervious  area,  about  80  percent  of  the  average  annual 
rainfall  is  captured  by  storage  sized  to  capture  the  first  1 0 mm  of  runoff. 


In  the  absence  of  detailed  studies  in  Alberta,  it  is  considered  that  providing  25  mm  of 
storage  for  the  contributing  area  is  appropriate  for  Alberta  for  stormwater  quality  control 
using  detention  devices  such  as  dry  ponds,  wet  ponds,  and  constructed  wetlands.  A 
detention  time  of  24  hours  should  also  be  used  for  detention  facilities  since  it  is  well 
established  that  for  a detention  basin  to  be  effective  as  a quality  control  device,  the 
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detention  time  must  be  24  hours  or  greater.  Based  on  the  same  studies,  using  the  runoff 
from  a 12-mm  storm  event  over  the  contributing  area  is  considered  appropriate  for 
infiltration  BMP’s. 

6.2  Source  Control  BMPs 

Removal  of  stormwater  contaminants  at  their  source  may,  in  some  instances,  be  a 
practical  solution  to  the  mitigation  of  pollutant  impacts.  There  are  three  main  pollutant 
removal  activities  that  are  normally  practised  by  a municipality  for  source  control 
including  street  sweeping,  catchbasin  cleaning,  and  animal  litter  removal. 

Street  sweeping  removes  a portion  of  the  pollutants  deposited  on  road  or  parking  lot 
surfaces  and  thereby  reduces  pollutant  washoff  from  stormwater  to  combined  sewers  and 
storm  sewers,  and  subsequently  to  receiving  waters.  The  effectiveness  of  street  sweeping 
in  reducing  pollutant  loadings  is  dependent  on  a variety  of  factors,  including  time  of  year, 
frequency  of  service,  length  of  time  between  rainfall  events,^^|pe  of  sweeping  equipment 
(vacuum,  wet,  dry  etc.)  and  the  type  of  road  surface.  StreeT^'l^eeping  is  most  effective 
in  the  early  spring  to  remove  the  accumulated  winter  street  pollht^t  loads. 

Street  sweeping  must  be  carried  out  very  fteg|^ntly  (daily)  before  it  results  in  a 
significant  reduction  in  pollutant  loadings.  Ty^^l  street  sweeping  programs  (once  or 
twice  per  month)  remove  less  than  5 percent  of  th^^ollutant  loadings.  These  findings 
were  also  confirmed  in  the  TAWMS  Studies  carried  out  by  the  Ontario  Ministry  of 
Environment  and  Energy  (MOEE). 

Street  sweeping  is  not  effective  for  control  of  faecal  bacteria.  Studies  carried  out  by 
MOEE  for  the  Rideau  River  indicated  ffiat  a maximum  of  10  percent  of  seasonal  (rainfall- 
runoff)  loads  could  be  c^^olled  by  means  of  sweeping  at  an  optimum  frequency  of  twice 
per  week.  Sweeping  h&,  however,  been  shown  to  be  more  effective  in  controlling  street 
solids  and  associated  p6%utants. 

Catchbasim^eaning  is  the  cleaning  of  accumulated  sediments  and  debris  in  catchbasin 
sumps,  tcfre^^e  the  amount  of  pollutants  re-suspended  from  the  sump  by  stormwater  and 
subsequei^v  d^harged  to  receiving  waters.  Catchbasin  cleaning  has  not  been  found  to 
be  effective 'iff^controlling  loadings  of  faecal  bacteria  in  stormwater  runoff.  Catchbasins 
can,  however,  be  effective  in  trapping  larger  runoff  particulates  and  associated  pollutants. 
Studies  in  the  Boston  area  carried  out  by  the  U.S.  EPA  have  shown  that  most  cost- 
effective  cleaning  frequency  is  semi-annually. 

Municipal  bylaws  passed  to  prohibit  littering  and  control  disposal  of  animal  wastes  may 
remove  a portion  of  the  pollutants  deposited  on  the  ground  surface  and  thereby  reduce 
pollutant  wash  off  from  stormwater  to  combined  sewers  and  storm  sewers. 

The  most  significant  pollutant  source  that  can  be  addressed  by  this  alternative  is  dog 
faeces.  Based  on  previous  studies  carried  out  by  MOEE  for  the  Rideau  River  Stormwater 
Management  Plan,  dog  faeces  can  contribute  significant  amounts  of  faecal  coliform 
bacteria  to  receiving  waters.  Furthermore,  dog  faeces  control  programs  could  reduce  the 
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amount  of  faecal  coliform  bacteria  reaching  receiving  waters  from  dog  faeces  by  up  to 
35  percent.  The  degree  of  success  of  these  programs  is  dependent  on  public  awareness 
and  the  degree  of  enforcement.  However,  enforcement  is  difficult  due  to  the  large 
number  of  dogs  and  the  fact  that  violators  must  be  caught  in  the  act  of  breaking  the  law. 
This  alternative  may  be  more  effective  on  a localized  basis  if,  for  example,  enforcement 
is  concentrated  in  park  areas  that  drain  via  storm  sewers  to  the  receiving  water. 

6.3  Lot-Level  BMPs 

Stormwater  lot-level  controls  are  practices  that  reduce  runoff  volumes  and/or  treat 
stormwater  before  it  reaches  a subdivision/development  conveyance  system.  This  type 
of  control  can  be  readily  incorporated  into  the  design  of  future  developments.  With  all 
development,  the  applicability  of  stormwater  lot-level  controls  should  be  investigated 
before  conveyance  and  end-of-pipe  systems  are  examined. 


Traditional  lot-level  controls  aimed  at  stormwater  quantity  i^ipgement  and  the  reduction 
of  peak  runoff  rates  include:  A.  . 


• Restricting  numbers  of  roof  drains  to  prg^ide  rooftop  detention  to  stormwater 

• Installing  catchbasin  restrictors  or  orificjei^  the  storm  sewer  to  promote  parking 

lot  detention 

• Oversizing  storm  sewers  and^i^stalling  orifices  in  the  sewer  to  create  pipe  storage 

• Installing  catchbasin  restrictors  in|!ear  yard  catchbasins  to  create  rear  yard  storage 

The  above-noted  lot-leyM::measures  are  primarily  designed  to  reduce  runoff  peaks.  Other 
stormwater  manageme^  criteria,  such  as  the  preservation  of  water  quality,  protection  from 
erosion,  and  the  maintda^nce  of  baseflow  are  not  adequately  addressed  through  these 
techniqu^.  Lot-level  controls  that  help  preserve  the  natural  hydrologic  regime  include: 


&uB^4  lot  grading 
Dfectirfl'roof  leaders  to  rear  yard  ponding  or  soakaway  pits 
Sum^umping  foundation  drains  to  rear  yard  ponding  areas 


6.3.1  Reduced  Lot  Grading 


6.3.1. 1 Purpose 

The  purpose  of  reducing  lot  grades  is  to  reduce  the  volume  of  runoff  from  developed  lots 
by  increasing  the  travel  time  of  runoff,  and  increasing  the  availability  and  opportunity  for 
depression  storage  and  infiltration.  A significant  reduction  in  lot-level  runoff  volumes 
would  also  affect  the  other  minor  stormwater  system  components  and  the  major  system 
components  by  reducing  the  conveyance  and  treatment  requirements. 
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6.3.1.2 


Description 


Typical  development  standards  require  a minimum  lot  grade  of  2 percent  to  drain 
stormwater  away  from  buildings.  In  flat  areas,  a reduction  to  minimum  lot  grades  should 
be  evaluated.  In  hilly  areas,  alterations  to  natural  topography  should  be  minimized.  To 
avoid  foundation  drainage  problems,  the  grading  within  2 to  4 m of  buildings  should  be 
maintained  at  2 percent  or  higher.  Areas  outside  of  this  envelope  should  be  graded  at  less 
than  2 percent. 

Reduced  lot  grading  BMPs  promote  depression  storage  and  natural  infiltration  and  reduces 
risks  associated  with  flooding  and  erosion.  The  maintenance  of  natural  infiltration  could 
have  positive  impacts  on  baseflow  depending  on  local  evapotranspiration  rates. 


6.3.1.3 


Applicability 


Reduced  lot  grades  can  be  recommended  as  a lot-level  sto|mwater  BMP  for  any  new 
developments  and  in  regrading  or  re-landscaping  of  es^ing  lots  in  established 
developments. 


6.3.1.4 


Effectiveness 


Very  little  information  is  available  in  regard  to  the^^pact  that  reductions  in  lot  grades 
may  have  on  the  overall  runoff  volumes  from  a developed  area.  It  has  been 
recommended  that  reductions  in  lot  jading  may  increase  the  pervious  depression  storage 
by  as  much  as  1.5  mm  for  a 0.5  pei€epS^  2.0  percent  change  in  grade.  Reduction  of  on- 
lot  runoff  will  also  reduce  downstreaipi  e|bsion  potential. 


6.3.1.5 


Water  Quantity? 


Reduced  lot  gradings  limlithe  volumes  of  runoff  normally  directed  toward  minor  drainage 
systems,  pn-lot  drainage  rates  are  also  reduced.  This  will  reduce  the  requirements  for 
end-of-pip^^etention  storage.  Effective  on-lot  drainage  reductions  on  a subdivision  basis 
will  low^  an^flatten  the  receiving  water  inflow  hydrograph. 

\ % 


Increased  imfTffation  of  stormwater  also  provides  recharge  to  the  local  groundwater  that 
may,  in  turn,  discharge  to  local  streams  thus  enhancing  baseflows.  Reduced  lot  grading 
also  reduces  lot  runoff  velocities,  thereby  increasing  on-lot  sedimentation  and  on-lot 
retention  of  pollutants. 


6.3.1.6 


Water  Quality 


Reduced  lot  gradings  limit  the  volumes  of  runoff  from  smaller  storm  events  that  are 
normally  the  major  contributor  of  receiving  water  contaminants.  The  effectiveness  of 
reduced  lot  grades  in  limiting  contaminant  runoff  is  also  dependent  on  land  use. 
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6.3.1.7 


Design  Considerations 


Design  guidelines  for  on-lot  grade  reductions  are  shown  in  Figure  6-1.  Grades  within 
4 m of  structures  should  be  maintained  at  2 percent.  Grades  beyond  4 m of  structures 
should  be  reduced  to  0.5  percent.  Consideration  should  also  be  given  to  tilling  soils  in 
flatter  grade  areas  to  a depth  of  30  mm  prior  to  seeding  or  sodding  to  reduce  soil 
compaction  and  increase  infiltration  potential. 

6.3.2  Surface  Ponding  and  Rooftop  Storage 


6.3.2.1  Purpose 


Roof  leaders  that  discharge  to  surface  ponding  areas  reduce  the  potential  for  downstream 
flooding  and  erosion  and  help  maintain  pre-development  end-of-pipe  discharge  rates.  The 
same  benefits  can  result  from  the  use  of  rooftop  storage,  which  are  likely  suitable  for 
commercial,  industrial,  and  institutional  buildings.  y 


6.3.2.2  Description 


Roof  leaders  are  directed  toward  rear  lot 
or  evaporate.  For  rooftop  storage  roof,  drains 
on  the  rooftop. 


s that  allow  stormwater  to  infiltrate 
at  roofs  are  raised  to  allow  ponding 


6.3.2.3 


Applicability 


Surface  ponding  areas  can  be  recomi^ended  as  a lot-level  stormwater  BMP  for  any  new 
developments  and  in  regrading  or  Te-landscaping  of  existing  lots  in  established 
developments.  Surface jp^pding  may  also  be  used  for  parking  lots  or  park  areas.  Rooftop 
storage  can  be  recommended  for  industrial,  commercial,  or  institutional  buildings  with  flat 
roofs. 


6.3.2.4 


Rear  lot  ^^di^of  stormwater  or  rooftop  storage  effectively  limits  runoff  by  a volume 
equal  to  thelSnount  of  impervious  depression  storage  provided. 


6.3.2.S 


Water  Quantity 


Rear  lot  ponding  and  rooftop  storage  limit  the  volumes  of  runoff  normally  directed  toward 
minor  drainage  systems.  On-lot  drainage  rates  are  also  reduced.  This  will  reduce  the 
requirements  for  end-of-pipe  detention  storage.  Effective  on-lot  drainage  reductions  on 
a subdivision  basis  will  lower  and  flatten  the  receiving  water  inflow  hydrograph. 

Increased  infiltration  of  stormwater  from  rear  lot  ponds  also  provides  recharge  to  the  local 
groundwater  which  may  in  turn  discharge  to  local  streams  thus  enhancing  baseflows. 
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Figure  6.1 

Lot  Grading  Guidelines 


6.3.2.6  Water  Quality 

Rear  lot  ponding  and  rooftop  storage  limit  the  volumes  of  runoff  from  smaller  storm 
events  that  are  normally  the  major  contributor  of  receiving  water  contaminants. 

6.3.2.T  Design  Considerations 


Design  guidelines  for  rear  lot  ponds  are  shown  in  Figure  6-2.  Maximum  depths  should 
be  maintained  at  100  mm.  Flow  paths  should  be  provided  to  direct  overland  flow  to  the 
pond.  To  maintain  the  pond,  catchbasins  can  be  elevated  to  the  required  height  or  grassed 
swales  can  be  created.  More  complex  designs  may  incorporate  an  infiltration  trench 
beneath  the  ponded  area  to  enhance  infiltration.  The  pond  should  be  sized  to 
accommodate  a minimum  of  5 mm  and  a maximum  of  20  mm  of  rainfall  covering  the 
roof  area.  Rooftop  ponding  can  be  accomplished  by  raising  roof  hoppers  to  create  a 
maximum  ponding  depth  of  10  mm.  Roof  supports  must  be  adequate  to  support  the 
weight  of  the  ponded  water. 


% ^ 


6.3.3  On-lot  Infiltration  Systems 


6.3.3.1  Purpose 


On- lot  infiltration  systems  are  used  for  detention  1^,  stormwater  from  relatively  small 
catchment  areas.  Infiltration  systems  may  be  used  in  areas  without  adequate  minor 
system  conveyance.  They  also  provide  enhancement  to  water  quality  and  reductions  in 
overland  flow.  ' . 


6.3.3.2 


Description 


6.3.3.3 


Infiltration  systems  m^be  simply  designed  pits  with  a filter  liner  and  rock  drain  material 
or  more  complex  systeni^with  catchbasin  sumps  and  inspection  wells.  Stormwater  flow 
from  roo^, drains  is  directed  to  the  infiltration  system. 

bility 

Infiltration  systems  are  recommended  for  relatively  small  detention  volumes.  If  larger 
detention  volumes  are  required  a series  of  infiltration  basins  may  be  employed. 
Infiltration  basins  should  not  be  built  under  parking  lots  or  other  multi-use  areas,  if  the 
groundwater  table  is  within  0.6  m of  the  infiltrating  surface,  if  bedrock  is  located  within 
1 .2  m of  the  infiltration  surface,  if  the  infiltrating  surface  is  located  on  top  of  fill  material 
nor  if  the  underlying  soils  have  a fiilly  saturated  percolation  rate  of  less  than  1 .3  mm. 


6.3.3.4 


Effectiveness 


Infiltration  systems  have  a number  of  advantages  over  rear  yard  ponding  including 
increased  groundwater  recharge  and  less  inconvenience  to  home  owners.  Infiltration 
systems  may  have  increased  maintenance  requirements  over  ponds  and  a more  uncertain 
operating  life.  On-lot  infiltration  systems  accept  only  roof  runoff  and  are  therefore 
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Figure  6.2 

Rear  Lot  Ponding  Guidelines 


subjected  to  minimal  levels  of  suspended  solids. 


6.3.3.S  Water  Quantity 


On-lot  infiltration  systems  limit  the  volumes  of  runoff  normally  directed  toward  minor 
drainage  systems.  On-lot  drainage  rates  are  also  reduced.  This  will  reduce  the 
requirements  for  end-of-pipe  detention  storage.  Effective  on-lot  drainage  reductions  on 
a subdivision  basis  will  lower  and  flatten  the  receiving  water  inflow  hydrograph. 

Increased  infiltration  of  stormwater  from  rear  lot  ponds  also  provides  recharge  to  the  local 
groundwater  which  may  in  turn  discharge  to  local  streams  thus  enhancing  baseflows. 

6.3.3.6  Water  Quality 


On-lot  infiltration  systems  limit  the  volumes  of  runoff  from  smaller  storm  events  that  are 
normally  the  major  contributor  of  receiving  water  contamii^nt^. 


6.3.3.T 


Design  Considerations 


Figures  6-3  and  6-4  illustrate  two  different  appllcajyions  of  infiltration  systems.  The  total 
void  volume  should  be  calculated  from  the  stoi;^e  required  for  the  2 year  design  storm 
which  is  calculated  from  the  effective  porosity  o\the  infiltration  fill  material.  The 
infiltration  surface  area  required  (bottom  surface  areaj'to  drain  the  system  within  48  hours 
is  calculated  from  the  24-hour  sustained  percolation  rate.  An  overland  flow  path  should 
be  provided  for  overflow  volumes  saturated  or  frozen  conditions.  A pretreatment 

filter  (Figure  6-3)  or  sump  (Figure  6^)  ^uld  be  provided  to  limit  solids  input  into  the 
system.  Design  void  space  volumes  afFcalculated  from  the  volume  of  water  required  to 
fill  a known  volume  of  .^§in  rock.  A suitable  quality  filter  fabric  or  geotextile  must  also 
be  incorporated  into  th|  design. 


In  locating  infiltration  systems,  consideration  should  be  given  to  proximity  to  septic  fields. 

6.3.4  Sump  Pi|m]pqg  of  Foundation  Drains 
6.3.4.1  Pun 


Many  current  development  standards  allow  foundation  drains  to  be  directly  connected  to 
the  storm  sewer.  By  pumping  foundation  drainage  to  surface  or  subsurface 
ponding/soakaway  areas,  infiltration,  flooding,  and  erosion  water  management  concerns 
may  be  reduced. 


6.3.4.2  Description 


Foundation  drainage  is  sometimes  pumped  to  the  storm  sewer  network,  to  a suitable 
infiltration  system,  or  to  the  surface  where  it  is  conveyed  to  a catchbasin  and  then  to  a 
storm  sewer. 
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Figure  6.4 

Infiltration  System  with  Pretreatment  Sump 


6.3.4.3 


Applicability 


Sump  pumps  are  applicable  in  most  cases.  However,  excessive  pumping  may  occur  in 
high  groundwater  and  high  bedrock  conditions  if  they  are  within  1 m of  the  foundation 
drain.  Under  conditions  where  infiltration  systems  are  appropriate,  or  where  overland 
flow  paths  are  available,  sump  pumps  can  discharge  to  either  the  infiltration  system  or 
to  the  surface. 

6.3.4.4  Effectiveness 

Foundation  drainage  is  normally  relatively  clean  water  and  is  well  suited  to  the  optimal 
operation  of  infiltration  systems  or  overland  flow  to  rear  yard  ponds. 

6.3.4.5  Water  Quantity 

The  impact  of  foundation  drain  discharge  on  do wnstreas^  ..^stormwater  management 
facilities  is  dependent  on  the  original  discharge  location.  Tf^^oun^ation  drainage  was 
originally  discharged  to  the  storm  sewer  network  or  to  the  san&i^:^sewer,  there  will  be 
some  reduction  in  stormwater  flow  in  the  s^wer.  There  will  also  be  additional 
groundwater  recharge  and  potentially  baseflow  absentation  in  the  local  receiving  stream 
if  foundation  drainage  was  originally  discharg^^o  either  the  storm  sewer  or  sanitary 
sewer  networks.  \ 


6.3.4.6  Water  Quality 

o' 

Foundation  drainage  is  relatively  cleak  w®r  and  if  flow  is  removed  from  either  the  storm 
sewer  network  or  the  sanitary  sewer  network  there  is  likely  to  be  some  impact  on  the 
dilution  of  contaminant^^ovided  by  the  foundation  drainage. 


V 

6.3.4.T  Design  Considei^dons 

Sump  pui^^drainage  to  an  infiltration  system  is  illustrated  in  Figure  6-5.  The  location 
of  the  inliltribpn  system  should  conform  to  infiltration  design  considerations.  Yard 
grades  sn^ld  Jbnform  to  design  considerations  for  infiltration  ponds.  Sump  pump 
discharges  sfiould  be  located  at  least  2.0  m away  from  foundations  and  be  discharged  to 
rear  yards  away  from  sidewalks  to  prevent  icing  conditions  during  winter  months. 
Discharges  should  also  be  located  at  least  0.5  m above  ground  to  prevent  blockage  from 
ice  and  snow  during  the  winter. 


6.4  Stormwater  Conveyance  System  BMPs 


Stormwater  conveyance  systems  transport  drainage  from  developed  areas  through  sewer 
or  grassed  swale  systems.  Stormwater  conveyance  controls  are  applied  as  part  of  the 
stormwater  conveyance  system  and  can  be  classified  into  three  categories: 

• Pervious  pipe  systems 

• Pervious  catchbasins 
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Figure  6.5 

Sump  Pump  Foundation  Drainage 


Grassed  swales 


6.4.1  Pervious  Pipe  Systems 


6.4.1. 1 Purpose 

Pervious  pipe  systems  are  intended  to  convey  and  infiltrate  drainage. 


6.4.1.2  Description 

Pervious  pipes  have  not  been  commonly  used  but  they  are  very  similar  to  a conventional 
tile  drainage  system.  Pervious  pipe  systems  are  perforated  along  their  length,  thereby 
promoting  exfiltration  of  stormwater  as  it  is  conveyed  downstream. 

Pervious  pipe  networks  are  commonly  components  of  roadway  drainage  systems. 
Because  roadway  drainage  usually  carries  a high  level  of  si^p_^ded  sediments  there  are 
associated  pretreatment  components.  Roadway  runoff  is  dif'^ed  toward  grassed  areas 
that  act  as  sediment  filters  prior  to  flowing  into  the  storm%;^]A  catchbasin.  The 
stormwater  catchbasin  is  raised  to  allow  some  ponding  and  further  sediment  removal. 
The  catchbasin  is  connected  to  the  pervious  pi{fe.^# 

6.4. 1.3  Applicability 


Pervious  pipe  systems,  although  being  implemented  in  several  municipalities,  are  still 
considered  experimental  in  nature. ' ' . ^ 

6.4. 1.4  Effectiveness 


Pervious  pipe  systemS^Jor  the  exfiltration  of  road  runoff  have  not  proven  very  reliable. 
Pervious  pipe  systems  e^p^rience  clogging  due  to  the  high  solids  loads  especially  during 
construction  of  the  pervious  pipe  system  in  new  developments.  Some  form  of 
pretreatme^Tor  solids  removal  prior  to  the  pervious  pipe  system  is  advisable. 


6.4.1.5 


terltianrtty 


Stormwater  runoff  from  road  surfaces  contributes  a substantial  amount  of  discharge  to  the 
stormwater  conveyance  systems  because  road  surfaces  are  normally  impervious.  Any 
stormwater  infiltrated  through  the  pervious  pipe  network  reduces  the  total  end-of-pipe 
discharge  and  therefore,  any  storage/treatment  requirements. 


6.4.1.6  Water  Quality 

Road  runoff  normally  carries  high  levels  of  solids,  oils,  greases,  metals,  and  chlorides  if 
road  salt  is  applied  during  the  winter  months.  Removal  of  these  contaminants  prior  to 
end-of-pipe  can  enhance  the  performance  of  any  storage  or  treatment  facilities. 
Stormwater  quality  can  substantially  improve  at  the  end-of-pipe  discharge  point. 
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Infiltration  of  road  runoff  may,  however,  present  a groundwater  contamination  problem. 


6.4. 1.7  Design  Considerations 

Implementation  of  a pervious  pipe  system  is  illustrated  in  Figure  6-6.  Design 
considerations  must  include  the  pretreatment  of  road  runoff  for  solids  removal. 
Pretreatment  can  be  accomplished  by  incorporating  grassed  boulevards  as  pretreatment 
areas.  To  be  an  effective  method  of  infiltration  the  surrounding  soils  must  have  a high 
infiltration  potential.  The  infiltration  pipe  must  be  a sufficient  height  above  the 
groundwater  table  to  prevent  groundwater  from  flowing  into  the  pipe  and  to  allow  for 
proper  infiltration. 

The  minimum  storage  volume  should  be  equal  to  the  runoff  from  a 5 -mm  storm  over  the 
contributing  drainage  area.  The  storm  volume  should  be  accommodated  in  the  pervious 
pipe  bedding/storage  media  without  overflowing.  The  maximum  storage  area  should  be 
equal  to  the  runoff  from  a 25-mm  storm  over  the  contributing  drainage  area.  The 
exfiltration  storage  bedding  depth  should  be  75  mm  to  150  nft^^.deeg  above  the  crown  of 
the  pervious  pipe  and  the  bedding  should  drain  within  24  hours  minimum  diameter 
for  the  pervious  pipe  should  be  200  mm  and  the^^ipe  should  be  smooth  walled  to  reduce 
the  potential  for  clogging 


6.4.2  Pervious  Catchbasins 


% 


6.4.2. 1 Purpose 

Pervious  catchbasins  are  intended  to^^onvey  and  infiltrate  road  drainage. 

6.4.2.2  Description 

Pervious  catchbasins  ai^.  normal  catchbasins  with  larger  sumps  that  are  physically 
connected  to  an  exfiltrati&n  storage  media.  The  storage  media  is  generally  located 
beneath  or%eside  the  catchbasin. 


6.4.2.3  Aj 

Pervious  catchbasins  are  still  considered  to  be  experimental. 

6.4.2.4  Effectiveness 


Maintenance  requirements  for  pervious  catchbasins  are  dependent  on  the  clogging 
frequency  of  the  infiltration  media  which  can  be  high  given  the  sediment  load  normally 
associated  with  road  runoff.  Pervious  catchbasins  are  easier  to  construct  in  new 
developments.  They  can  be  plugged  during  construction  to  prevent  solids  clogging  the 
system. 
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Boulevard 


Pervious  Pipe  System 


6.4.2.5 


Water  Quantity 


Stormwater  runoff  from  road  surfaces  contributes  a substantial  amount  of  discharge  to  the 
stormwater  conveyance  systems  because  road  surfaces  are  normally  quite  impervious. 
Any  stormwater  infiltrated  through  pervious  catchbasins  reduces  the  total  end-of-pipe 
discharge  and  therefore,  any  storage/treatment  requirements. 


6.4.2.6  Water  Quality 

Road  runoff  normally  carries  high  levels  of  solids,  oils,  greases,  and  metals.  Chlorides 
may  also  be  a problem  if  road  salt  is  applied  during  the  winter  months.  Removal  of  these 
contaminants  prior  to  end-of-pipe  can  enhance  the  performance  of  any  storage  or 
treatment  facilities.  Stormwater  quality  can  substantially  improve  at  the  end-of-pipe 
discharge  point. 


6.4.2.T  Design  Considerations 


The  application  of  a pervious  catchbasin  for  road  runoff  ^b^tlol  is  illustrated  in 
Figure  6-7.  The  most  important  design  cons^ideration  is  the  provision  of  adequate 
pretreatment  of  solids  to  prevent  frequent  clog|i]^.  Design  specifications  recommend 
construction  at  least  1 m above  the  groundvs»^r  table  and  the  use  of  appropriate 
geotextile  and  clear  50-mm  stone  to  promote  filtraften  with  a low  clogging  frequency. 
To  be  an  effective  method  of  infiltration  the  surrounding  soils  must  have  a high 
infiltration  potential.  Storage  volume  criteria  should  be  the  same  as  that  for  pervious 
pipe.  The  depth  of  the  exfilti^t]^;x  storage  is  dependent  upon  the  native  soil 
characteristics.  Maximum  depths  ca^bJ^alculated  based  on  the  native  soil  percolation 
rate.  The  physical  dimensions  of  the  storage  will  depend  on  the  area  of  land  available. 


6.4.3  Grassed  Swales 
6.4.3.1  Purpose 

A 

Grassed  ^al^store,  infiltrate  and  convey  road  and  on-lot  stormwater  runoff  Grassed 
swales  ar^orillly  associated  with  low-density  developed  drainage  basins. 


6.4.3.2  Description 


Grassed  swales  are  natural  depressions  or  wide  shallow  ditches.  The  grass  or  emergent 
vegetation  in  the  swale  acts  to  reduce  flow  velocities,  prevent  erosion,  and  filter 
stormwater  contaminants. 


6.4.3.3  Applicability 


Grassed  swales  are  typically  used  in  more  rural  areas  with  rolling  or  relatively  flat  land 
but  can  be  used  in  place  of  or  as  an  enhancement  to  any  stormwater  curb  and  gutter 
system  except  in  strip  commercial  and  high-density  residential  areas.  In  rural  areas  and 
in  urban  applications,  grassed  swales  have  been  shown  to  effectively  infiltrate  runoff  and 
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Catch-basin 


Figure  6.7 

Pervious  Catch-Basin 


remove  pollutants.  Grassed  swales  are  being  designed  more  frequently  to  replace  curb 
and  gutter  controls  and  can  be  recommended  for  consideration  in  both  rural  and  urban 
drainage  basins. 

6.4.3.4  Effectiveness 

Grassed  swales  have  been  reported  by  many  agencies  in  Canada  and  the  U.S  to  provide 
effective  quantity  and  quality  control  of  urban  and  rural  runoff  Grassed  swales  must  be 
properly  maintained  to  ensure  effectiveness  and  prevent  ponding  of  water.  If  water  is 
allowed  to  pond  in  the  swale,  wetland  vegetation  may  grow  and  mosquitos  may  become 
a problem. 

6.4.3.5  Water  Quantity 


Grassed  swales  infiltrate  stormwater  and  reduce  the  end-of-pipe  discharge  volumes 
normally  associated  with  curb  and  gutter  controls.  Significai^  amounts  (up  to  95  percent) 
of  runoff  reduction  are  reported  in  the  literature  pertaining  ^^assed  swales.  Grassed 
swales  also  significantly  lower  peak  discharge  rates  associated  equent  storms.  The 
changes  in  runoff  discharge  volumes  and  rat|&^  also  reduce  erosion  in  downstream 
systems. 


6.4.3.6  Water  Quality 


Grassed  swales  can  be  effective  in,,filtering  and  detaining  stormwater  runoff  from  a 
variety  of  catchment  types.  Grasse# swhfs  are  effective  for  stormwater  treatment  as  long 
as  minimum  channel  slope  is  maint^e  j%nd  a wide  bottom  width  is  provided.  Many 
stormwater  contaminant  particulates  are  effectively  filtered  by  grassed  swales  including 
heavy  metals,  COD,  ni^e  nitrogen,  ammonia  nitrogen,  and  suspended  solids.  Other 
contaminant  nutrients^^luch  as  organic  nitrogen,  phosphorus,  and  bacteria  have  been 
reported  to  bypass  grass^^^ales. 

6.4.3.7  Considerations 

General  o^sirf^onsiderations  for  a grassed  swale  are  shown  in  Figure  6-8.  An 
illustration  of^a  grassed  swale  with  a check  dam  is  shown  in  Figure  6-9. 


Swales  should  be  designed  with  minimum  longitudinal  slopes  (1  to  2 percent)  to  promote 
infiltration  and  filtering  characteristics  but  still  maintain  conveyance  requirements  to 
prevent  flooding  and  local  ponding  in  the  swale.  Check  dams,  as  shown  in  Figures  6-8 
and  6-9,  are  normally  used  when  the  longitudinal  slope  exceeds  2 to  4 percent. 
Figure  6-8  shows  a perforated  pipe  enhancement  to  the  swale  that  ensures  the  swale 
remains  dry  between  storm  events.  Side  slopes  should  be  no  greater  than  2.5  to  1 but  are 
optimally  less  than  4 to  1 . A minimum  bottom  width  of  0.75  m and  minimum  depth  of 
0.5  m should  be  maintained.  The  maximum  velocity  in  the  swale  should  be  0.5  m/s. 
Where  velocities  are  greater  than  0.5  m/s  the  use  of  check  dams  (Figure  6-9)  can  promote 
infiltration  and  settling  of  pollutants.  Grass  should  be  local  species  or  standard  turf  grass 
where  a more  manicured  appearance  is  required.  The  grass  should  be  allowed  to  grow 
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Figure  6.8 

Grass  Swale  Design 


Figure  6.9 

Grass  Swale  with  Check  Dam 


6.5 


higher  than  75  mm  so  that  suspended  solids  can  be  filtered  effectively. 
End-of-Pipe  Stormwater  BMPs 


End-of-pipe  stormwater  BMPs  provide  water  quality  enhancement  to  stormwater  prior  to 
discharge  into  a receiving  water  body.  A number  of  end-of-pipe  alternatives  are  available 
for  application  depending  on  the  characteristics  of  the  upstream  catchment  and  the 
requirements  for  water  quality  enhancement.  Eight  general  categories  of  end-of-pipe 
BMP  facilities  are  discussed: 

• Wet  ponds 

• Dry  ponds 

• Wetlands 

• Infiltration  trenches 

• Infiltration  basins 

• Filter  strips 

• Sand  filters 

• Oil/grit  separators 

All  references  to  "wet  ponds",  "wetlands",  or  ponds"  assumes  extended  detention 
storage  is  provided.  Extended  detention  refers^#^|he  dry  or  active  storage  provided  by 
these  facilities.  Extended  detention  ponds  reduce  %e  rate  of  stormwater  discharge  by 
storing  the  stormwater  runoff  temporarily  and  releasing  it  at  a controlled  rate.  Water 
quality  treatment  is  provided  throug]^  enhanced  settling  and  biological  processes.  As 
such,  extended  detention  storage  ^pr^mdes  benefits  related  to  water  quality,  erosion 
protection,  and  flooding  potential.  %. 


6.5.1  Wet  Ponds 

6.5.1. 1 Purpose 


The  purpq^of  wet  ponds  is  to  temporarily  store  stormwater  runoff  in  order  to  promote 
the  settl^enih^f  runoff  pollutants  and  to  restrict  discharge  to  predetermined  levels  to 
reduce  d^^^st^to  flooding  and  erosion  potentials. 


6.5. 1.2  Description 

Wet  ponds  can  be  created  as  an  impoundment  by  either  constructing  an  embankment  or 
excavating  a pit.  They  are  often  designed  as  a two-stage  (dual-purpose)  facility,  where 
the  upper  stage  (flood  fringe  area)  is  designed  to  store  large,  infrequent  storms,  and  the 
lower  stage  (extended  detention  stage)  is  designed  to  store,  and  promote  sedimentation, 
of  smaller,  more  frequent  storms.  The  deep,  permanent  pond  is  the  wet  pond’s  primary 
water  quality  enhancement  mechanism.  Runoff  entering  the  retention  basin  is  designed 
to  displace  water  already  in  the  permanent  pool  and  remain  there  until  another  storm 
event.  Runoff  entering  the  basin  is  slowed  by  the  permanent  pool  and  suspended 
pollutants  are  allowed  to  settle.  Biologic  processes,  such  as  nutrient  uptake  by  algae,  are 
established  in  the  permanent  pool  and  help  reduce  concentrations  of  soluble  contaminants. 
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A vegetative  planting  strategy  should  provide  shading,  aesthetics,  safety,  and  enhanced 
pollutant  removal. 

6.5. 1.3  Applicability 

A reliable  source  of  runoff  or  groundwater  discharge  must  be  available  to  maintain  the 
permanent  pool  of  a wet  pond.  As  such,  wet  ponds  are  generally  considered  for  drainage 
areas  greater  than  5 ha.  Because  of  a wet  pond’s  ability  to  reduce  soluble  pollutants,  it 
is  generally  applicable  to  residential,  commercial,  or  industrial  areas  where  nutrient 
loadings  may  be  expected  to  be  relatively  high.  Wet  ponds  may  not  be  appropriate,  or 
may  require  specialized  design,  where  receiving  water  temperatures  are  a concern. 


6.5.1.4 


Effectiveness 


Wet  ponds  are  probably  the  most  common  end-of-pipe  management  facility  for  the 
control  of  peak  runoff  discharges  and  the  enhancement  of  quality.  Wet  ponds  are 
very  effective  in  controlling  runoff  and  improving  water  qp^Uty  ^hen  proper  design 
considerations  are  made  for  those  two  objectives. 


6.5.1.5 


Water  Quantity 


As  a detention  facility,  a wet  pond  typically  flattens%id  spreads  the  inflow  hygrograph, 
thus  lowering  the  peak  discharge.  Wet  ponds  are  effective  in  controlling  the  post- 
development peak  discharge  rate  to  tjj^.desired  pre-development  levels  for  design  storms. 
Watershed/subwatershed  analyses  sfip^^fty^e  performed  to  coordinate  subcatchment/pond 
release  rates  for  regional  flood  contrd^^  ^et  ponds  are  relatively  ineffective  for  volume 
reduction,  although  some  infiltration  and/or  evaporation  may  occur.  Wet  ponds  are 
generally  effective  in  CQmrolling  downstream  erosion  if  designed  such  that  the  duration 
of  post-development  '^'^^ritical  impulses"  does  not  exceed  a pre-determined  erosive 


threshold. 


6.5.1.6 


Quality 


Wet  pond^avfiieen  cited  as  providing  the  most  reliable  end-of-pipe  BMP  in  terms  of 
water  quality  treatment.  This  reliability  is  attributed  to  a number  of  factors  including: 


• Performance  does  not  depend  on  soil  characteristics 

• Permanent  pool  prevents  re-suspension 

• Permanent  pool  minimizes  blockage  of  outlet 

• Promotes  biological  removal  of  pollutants 

• Permanent  pool  provides  extended  settling 

Wet  ponds  have  a moderate  to  high  capacity  to  remove  most  urban  pollutants  depending 
on  how  large  the  volume  of  the  permanent  pool  is  in  relation  to  the  runoff  produced  from 
the  contributing  drainage  area.  The  establishment  of  vegetative  zones  in  and  around  a wet 
pond  can  enhance  its  pollutant  removal  capability. 
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Design  considerations 


Wet  ponds  must  be  designed  to  meet  specific  water  quality  and/or  discharge  rate 
objectives.  Wet  ponds  designed  to  control  peak  discharge  rates  do  not  normally  provide 
optimum  water  quality  enhancement.  Flood  control  or  peak  flow  control  wet  ponds  are 
typically  designed  to  control  the  large  infrequent  event  storms.  Water  quality  wet  ponds 
need  to  be  designed  to  capture  and  treat  the  more  frequent  smaller  storms  with  which  the 
majority  of  the  contaminant  loadings  are  associated.  Wet  ponds  can  be  designed  to  meet 
both  flood  control  and  water  quality  objectives. 


One  of  the  primary  criteria  for  the  proper  design  of  a wet  pond  for  peak  runoff  control 
is  the  provision  of  adequate  detention  storage  volume.  The  primary  design  consideration 
for  a wet  pond  for  water  quality  enhancement  is  the  settling  velocity  of  the  particulates 
in  the  stormwater  entering  the  pond.  The  wet  pond  surface  area  is  directly  related  to  this 
required  settling  velocity.  Ponds  designed  only  for  peak  flow  reduction  do  not  normally 
provide  adequate  facility  for  water  quality  enhancement. 

The  design  of  a wet  pond  requires  careful  consideration  of  the  r^^i^d  design  objectives 
for  flood  control  and  water  quality  enhancement.  , figure  6-10  illustrates  some  of  the  basic 
recommendations  for  a wet  pond.  Detailed  de^^^ed  requirements  should  be  evaluated 
for  each  individual  application  based  on  site  spe^l^c  constraints  and  objectives. 

\ 

Some  general  design  parameters  are: 


Minimum  water  surface  are^  of  2 ha 

X- 

Maximum  sideslopes  above  active  storage  zone  are  4:1  to  5:1 


Maximum  intdF{|r  sideslopes  in  active  storage  zone  are  5:1  to  7:1 

\ 

Maximum  exterior  sideslopes  are  3:1 


Some  wafer  q^lity  control  design  parameters  are: 


Permanent  pool  sized  to  store  the  volume  of  runoff  from  a 25-mm  storm  over  the 
contributing  area 


Detention  time  of  24  hours 

Length  to  width  ratio  shall  be  from  4:1  to  5:1 


Minimum  permanent  pool  depth  of  2.0  m 


Maximum  permanent  pool  depth  of  3.0  m The  maximum  water  level  should  be 
below  adjacent  house  basement  footings. 


Maximum  active  detention  storage  depth  of  2.0  m 
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Some  water  quantity  control  design  parameters  are: 


1 -in- 100-year  storm  stored  within  2 m above  the  permanent  pool  (Alternatively, 
the  2 m can  be  used  to  store  the  l-in-25-year  storm.  In  such  cases  an  emergency 
overflow  drainage  system  should  be  constructed  with  the  capacity  to  carry  storm 
runoff  from  the  1 -in- 100-year  storm  event  to  receiving  streams  or  downstream 
stormwater  management  facilities.) 

Detention  time  of  24  hours 


Also,  wet  pond  water  quality  control  performance  can  be  improved  by  providing  a 
pretreatment  sump  or  forebay  and  a backup  water  supply  to  maintain  the  minimum 
storage  volume.  During  the  design  process,  other  design  considerations  should  be 
evaluated  that  relate  to  ease  of  maintenance.  The  forebay  should  be  designed  with  the 
following  parameters:  % 


Length  to  width  ratio  of  2:1  or  greater 


\ 


Forebay  surface  area  not  to  exceed  one-^pd  of  the  permanent  pool  surface  area 


Forebay  length,  as  follows: 

U = [rQpA^sr 

c:- 

where  r = length  to  width  ratio  of  forebay 

Qp  = Peak  flow  rate  from  the  pond  during  the  design 
quality  storm  (m^/s) 

Vj  = Settling  velocity  (dependent  on  the  desired  particle 
size  to  settle) 

Di^irsion  length,  as  follows: 

\ \ = (8Q)/(dVf) 

where  Q = inlet  flow  rate  (mVs) 

d = depth  of  permanent  pool  in  the  forebay  (m) 

Vf  = desired  velocity  at  the  end  of  the  forebay 


Forebay  Bottom  Width,  W = 


Forebay  berm  should  be  0.15  to  0.3  metres  below  the  permanent  pool  elevation. 
Forebays  can  be  constructed  with  a solid  substrate  to  facilitate  removal  of 
accumulated  sediment  and  debris. 


11 2/256 15/992.S6 


6-27 


6.5.2 


Dry  Ponds 


6.5.2.1 


Purpose 


The  purpose  of  a dry  pond  is  to  temporarily  store  stormwater  runoff  in  order  to  promote 
the  settlement  of  runoff  pollutants  and  to  restrict  discharge  to  predetermined  levels  to 
reduce  downstream  flooding  and  erosion  potential. 


6.S.2.2 


Description 


Dry  ponds  are  impoundment  areas  constructed  by  an  embankment  or  through  excavating 
a pit.  They  are  often  designed  as  a two-stage  (dual-purpose)  facility,  where  the  upper 
stage  (flood  fringe  area)  is  designed  to  store  large,  infrequent  storms,  and  the  lower  stage 
(extended  detention  stage)  is  designed  to  store,  and  promote  sedimentation,  of  smaller, 
more  frequent  storms.  However,  unlike  wet  ponds,  the  lower  stage  is  designed  to  empty 
completely  between  storm  events. 


6.S.2.3 


Applicability 


Dry  ponds  may  be  applied  where  topographical  Iir.^anning  constraints  exist  that  limit  the 
land  available  for  wet  ponds.  Drainage  at€ifc|  greater  than  5 ha  are  generally 
recommended  for  dry  ponds.  The  use  of  dry  pon^  for  combined  water  quantity  and 
quality  control  is  discouraged  without  the  use  of  sediment  forebays  that  include  a 
permanent  pool. 


A dry  pond’s  limited  effectiveness  rehioving  soluble  contaminants  is  an  important 
factor  in  considering  its  application.  For  example,  in  low-density  residential  areas  where 
soluble  nutrients  from  f^lizers  and  pesticides  are  a concern,  dry  ponds  in  isolation  may 
not  be  appropriate. 


6.S.2.4 


Ei^ectiveness 


% 


Dry  poncfe  dd^qt  provide  water  quality  enhancement  because  of  the  bottom  scour  that 
occurs  efSh  storm  event.  Dry  ponds  do  provide  effective  stormwater  flow 
attenuation. 


6.5.2.S  Water  Quantity 

As  a detention  facility,  a dry  pond  typically  flattens  and  spreads  the  inflow  hygrograph, 
thus  lowering  the  peak  discharge.  Dry  ponds  are  effective  in  controlling  the  post- 
development peak  discharge  rate  to  the  desired  pre-development  levels  for  design  storms. 
Watershed/subwatershed  analyses  should  be  performed  to  coordinate  subcatchment/pond 
release  rates  for  regional  flood  control.  Dry  ponds  are  relatively  ineffective  for  volume 
reduction,  although  some  evaporation  may  occur.  Dry  ponds  are  generally  effective  in 
controlling  downstream  erosion  if  designed  such  that  the  duration  of  post-development 
"critical  impulses"  does  not  exceed  a predetermined  erosive  threshold. 
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6.S.2.6 


Water  Quality 


Because  dry  ponds  have  no  permanent  pool  of  water,  the  removal  of  stormwater 
contaminants  in  dry  ponds  is  a function  of  the  pond’s  drawdown  time.  The  removal  of 
soluble  pollutants  does  not  generally  occur  in  a dry  pond.  Without  a permanent  pool,  re- 
suspension of  contaminants  is  a concern.  Dry  ponds  operating  in  a continuous  mode  are 
generally  less  effective  at  pollutant  removal  compared  to  wet  ponds,  whereas  dry  ponds 
operating  in  a batch  mode  have  been  reported  to  be  similarly  effective.  In  general,  dry 
ponds  should  only  be  implemented  if  it  is  determined  that  a wet  pond  cannot  be 
implemented  due  to  topographical  or  planning  constraints. 

6.S.2.7  Design  Considerations 

The  design  of  a dry  pond  has  many  site-specific  requirements  that  must  be  considered. 
These  design  considerations  are  dependent  on  the  constraints  of  a particular  site  and  the 
objectives  for  the  pond. 


Storage  capacity  for  up  to  the  1 -in- 1 00-year l^torm 
Detention  time  of  24  hours 

Maximum  active  retention  depth  of  1.0  to  1.5  metres.  The  maximum 

water  level  should  be  belo^  ^j^ent  house  basement  footings. 

Maximum  interior  sideslopes%f  to  5:1 
Maximum  exterior  sideslopes  of  3:1 
Minimum  freeboard  of  0.6  m 

Minimum  rati^^^f  effective  length  to  effective  width  of  4:1  to  5:1 
Minimum  slope  ^^^the  bottom  of  the  pond  of  1 percent  (2  percent  is  preferred) 


During  tl^^^sign  process,  other  design  considerations  should  be  evaluated  that  relate  to 
ease  of  fiainf^ance  and  use.  For  example,  a weeping  tile  system  could  be  installed 
under  the%ott^ft  of  the  pond  to  improve  the  rate  at  which  the  pond  bottom  dries  out 
between  storm  events. 

6.5.3  Constructed  Wetlands 

6.5.3.1  Purpose 

By  retaining  runoff  for  a prolonged  period  of  time  and  uptaking,  altering,  and  storing 
pollutants,  constructed  wetlands  serve  to  improve  water  quality  and  control  peak  discharge 
rates. 


Figure  6-1 1 illustrates  some  of  the  basic  recommendations  for  pond. 


Some  general  design  parameters  are: 
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F=igure  6.11 

Dry  Detention  Pond  Plan  and  Sections 


6.S.3.2 


Description 


There  are  five  basic  stormwater  wetland  designs:  shallow  marsh,  pond/wetland,  extended 
detention  wetland,  pocket  wetland,  and  fringe  wetland.  All  are  essentially  surface  flow 
systems,  with  varying  emergent  marsh  and  deep  pool  habitat,  hydraulic  capacity,  residence 
time,  and  travel  routes. 

Constructed  wetlands  can  be  created  as  an  impoundment  by  either  constructing  an 
embankment  or  excavating  a pit.  Relatively  deep  permanent  pools  are  maintained  at  the 
inlet  and  outlet  and  along  low  flow  paths  to  minimize  the  re-suspension  and  discharge  of 
settled  pollutants  from  the  facility.  Relatively  shallow  extended  detention  storage  areas 
with  extensive  plantings  (submergent  and  emergent)  make  up  the  majority  of  a 
constructed/artificial  wetland’s  permanent  storage.  Sedimentation,  filtration  and  biological 
processes  account  for  the  water  quality  benefits  afforded  by  wetlands.  Planting  strategies 
are  also  implemented  for  shoreline  fringe  areas  and/or  floodfringe  areas  (if  a combined 
facility)  providing  shading,  aesthetics,  safety,  and  enhanced-^gl^iiitant  removal. 

6.S.3.3  Applicability 

In  recent  years,  interest  has  shifted  from  providilg^stormwater  attenuation  with  retention 
ponds  alone,  to  incorporating  vegetated  wetland^&^ls  into  the  design  to  provide  greater 
attenuation  and  contaminant  removal  and  impro^ie^  landscape  aesthetics  in  urban 
environments.  Many  communities  across  Canada  have  installed  wetlands  as  part  of  their 
stormwater  management  systems.  S^^yeral  additional  installations  are  awaiting  approval 
from  the  regulatory  authorities  and  are  many  others  in  the  predesign  or  design 
phase.  VJ" 

Generally  wetlands  can  JbeEs.considered  for  drainage  areas  greater  than  5 ha  Because  of  a 
wetlands  ability  to  red^e  soluble  pollutants,  they  are  generally  applicable  to  residential, 
commercial,  or  industriaf%eas  where  nutrient  loadings  may  be  expected  to  be  relatively 
high.  Coi^tructed/artificial  wetlands  may  not  be  appropriate,  or  may  require  specialized 
design,  w^^ie  receiving-water  temperatures  are  a concern.  The  application  of 
construct^am^icial  wetlands  may  be  further  constrained  by  existing  planning 
designatioi^^^o^Tbpography  that  limits  land  availability.  Potential  ancillary  benefits 
provided  by  wetlands  include  aviary,  terrestrial,  and  aquatic  habitat. 

Wetland  water  treatment  systems  are  not  recommended  for  all  applications.  Such  systems 
are  most  appropriate  under  the  following  conditions: 

• Large  tracts  of  suitable  land  are  readily  available. 

• The  influent  does  not  contain  high  levels  of  industrial  toxic  pollutants  as  identified 
by  provincial  and  federal  agencies. 

• There  is  a shortage  of  local  groundwater  or  surface  water  supplies. 

•-  A water  body  with  impaired  water  quality  is  located  in  the  area. 

• The  region  has  a history  of  wetland  loss. 

• Regulatory  agencies  are  interested  in  the  potential  benefits  of  the  technology. 
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A study  carried  out  in  1994  for  the  North  American  Wetland  Conservation  Council 
(Canada)  to  determine  the  extent  to  which  constructed  wetlands  were  being  used  in 
Canada  for  stormwater  and  wastewater  treatment.  After  contacting  more  than  1 00  people 
who  had  some  involvement  with  natural  treatment  systems,  67  wetland  treatment  systems 
were  identified.  Of  these,  10  were  stormwater  treatment  wetlands. 

In  Alberta,  the  City  of  Calgary  has  set  up  a task  force  sanctioned  by  Alberta  Environment 
to  investigate  the  feasibility  of  using  wetlands  for  stormwater  treatment.  Numerous 
potential  sites  have  been  identified  and  it  is  anticipated  that  of  the  eight  to  1 0 sites  to  be 
chosen,  two  sites  will  be  highly  monitored.  One  site  treating  runoff  from  a farming 
practice  was  using  a slough  consolidation  and  runoff  retention  method. 

6.S.3.4  Effectiveness 


Stormwater  wetland  water  treatment  systems  provide  several  major  benefits: 

• They  require  less  maintenance  and  are  less  expensive" 1:%mai|itain  than  traditional 
treatment  system. 

• With  proper  design,  portions  of  the  l^j^g^and  treatment  system  may  provide 
additional  wetland  wildlife  habitat,  as  \M\as  recreational  opportunities  such  as 
bird  watching,  hiking,  and  picnicking.  \ 

• Wetland  treatment  systems  .,^e  viewed  as  an  asset  by  provincial  and  federal 

agencies  in  many  regions  a potentially  effective  method  for  replacing 

wetlands  lost  through  agricult^jal^actices,  industrial  and  municipal  development, 
and  groundwater  withdrawal.  These  systems  may  provide  mitigation  banking,  if 
this  practice  is  a=dqipted  in  Canada  as  it  has  been  in  the  U.S.,  for  future  planned 
use  of  low-va^fe  wetland  areas. 


6.S.3.5 


Quantity 


Wetland#  ty^ally  flatten  and  spread  the  inflow  hygrograph,  thus  lowering  peak 
discharg^^  \^tlands  are  effective  in  controlling  the  post-development  peak  discharge 
rate  to  the  desired  pre-development  levels  for  design  storms.  Watershed/sub  watershed 
analyses  should  be  performed  to  coordinate  subcatchment/pond/wetlands  release  rates  for 
regional  flood  control.  Wetlands  are  relatively  ineffective  for  volume  reduction,  although 
some  infiltration  and/or  evaporation  may  occur.  Wetlands  are  generally  effective  in 
controlling  downstream  erosion  if  designed  such  that  the  duration  of  post-development 
"critical  impulses"  does  not  exceed  a predetermined  erosive  threshold. 


6.S.3.6 


Water  Quality 


In  general,  wetland  water  treatment  systems  have  been  found  to  lower  BOD,  TSS,  and 
total  nitrogen  concentrations  to  10  to  20  percent  of  the  concentrations  entering  the 
systems.  For  total  phosphorus,  metals,  and  organic  compounds,  removal  efficiencies  vary 
widely,  typically  from  20  to  90  percent.  Removal  of  these  latter  constituents  appears  to 
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be  limited  by  substrate  type,  the  form  of  the  constituents,  the  presence  of  oxygen,  and  the 
entire  chemical  makeup  of  the  water  to  be  treated. 

The  mechanisms  for  treating  urban  stormwater  are  both  chemical  and  physical  and 
include: 

• Volatilization.  Many  pollutants  may  be  dispersed  by  evaporating.  They  include 
oils,  mercury,  and  some  chlorinated  hydrocarbons. 


Sedimentation.  This  is  a principal  mechanism  for  removal  of  particulate 
pollutants.  The  deposition  is  affected  by  flow  rates,  paths  and  storm  size. 
Sedimentation  is  important  also  in  removing  suspended  solids,  particulate  nitrogen, 
oils,  chlorinated  hydrocarbons,  and  most  heavy  metals. 


Adsorption.  Dissolved  pollutants  adhere  to  suspended  solids  that  settle  out.  It  is 
also  the  primary-viral  removal  mechanism.  ^ 

Precipitation.  Many  ions  precipitate  in  response  to  "^§^ges  in  pH,  oxygen 
concentration,  etc.  in  wetlands. 


Filtration.  Many  particulate  pollutants 
soils  of  wetlands. 


be  filtered  through  the  vegetation  and 


6.5.3.T  Design  Considerations 

^ ■% 

The  design  of  a constructed  wetland  %r  (paling  with  urban  stormwater  requires  a detailed 
study  to  determine  from  the  outset  what  the  goals  of  the  wetland  are.  If  the  function  is 
primarily  to  store  wat^^uring  storm  events  and  release  it  later,  then  the  size  of  the 
catchment  area,  permfepility  of  the  urban  surfaces,  and  recorded  flow  rates  will  be  used 
to  determine  the  water  vo^pme  storage  capacity  required.  This,  together  with  the  expected 
frequenc)^of  large  storm  events,  will  provide  an  indication  of  the  suggested  drawdown 
rates  for  t J^^^etland  and  the  diameter  of  outflow  pipes.  If,  on  the  other  hand,  improving 
water  qu|^lityH§.  a major  goal,  then  subsurface  water  flow  through  one  or  more  cells  may 
be  worth^coij^rating  into  the  design  specifications.  Should  the  wetland  operate  in  the 
fall,  winter,  ’Sd  early  spring  as  well  as  in  summer?  If  so,  then  a configuration  of  wetland 
that  is  deep  and  permits  water  flow  during  low  winter  temperatures  may  be  appropriate. 


Several  goals  may  be  identified  for  a constructed  wetland,  but  the  available  site  may  limit 
the  achievement  of  all  the  goals.  In  this  case  priorities  must  be  set.  The  general  location 
of  a constructed  wetland  is  an  important  consideration.  Is  it  to  be  constructed  in  a 
residential,  industrial,  or  rural  area?  Considerations  such  as  safety,  aesthetics,  potential 
toxic  spills,  or  wildlife  mean  that  different  design  criteria  must  be  considered.  To  achieve 
water  management  goals,  social  as  well  as  technical  issues  must  be  addressed,  for  "social" 
problems  may  be  more  difficult  to  solve  than  physical  and  technical  ones,  and  managers 
should  involve  local  interest  groups  in  the  early  planning  stages  of  projects. 
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It  is  important  that  a pretreatment  area  be  provided  for  the  collection  of  sediment  and  for 
the  protection  of  the  constructed  wetland  from  accidental  spills.  Construction  of  a 
pretreatment  area  for  oil  separation  and  sediment  removal  prior  to  allowing  water  to  flov\ 
into  a wetland  is  recommended. 


A constructed  wetland  could  contain  a number  of  cells,  either  of  similar  construction  and 
function,  or  of  different  structure  and  purpose.  Figure  6-12  illustrates  the  major 
components  of  a constructed  wetland. 


General  design  considerations  are  as  follows: 

Design  and  implement  with  designated  objectives  constantly  and  clearly  in  mind. 

Design  more  for  function  than  for  form.  A number  of  forms  can  probably  meet 
the  objectives,  and  the  form  to  which  the  system  evolves  may  not  be  the  planned 
one. 


Design  relative  to  the  natural  reference  system(s),  and 


over-engineer. 


Design  with  the  landscape,  not  against  'pake  advantage  of  natural  topography, 
drainage  patterns,  etc. 

Design  the  wetland  as  an  ecotone.  Incorporate  as  much  "edge"  as  possible,  and 
design  in  conjunction  with  a buffer  and  the  surrounding  land  and  aquatic  systems. 

Design  to  protect  the  wetland /rom  any  potential  high  flows  and  sediment  loads. 

Design  to  avoid  .secondary  environmental  and  community  impacts. 

X 

Plan  on  enougfr^me  for  the  system  to  develop  before  it  must  satisfy  the 
oby^ectives.  Attempts  to  short-circuit  ecological  processes  by  over-management 
wil0^robably  fail. 


D 


self  sustainability  and  to  minimize  maintenance. 


Considerations  for  the  size  and  configuration  of  the  wetland  are: 


Wetland  size  should  be  approximately  5 percent  of  the  watershed  area  that  it  will 
be  servicing 

Approximately  10  percent  of  the  wetland  surface  area  should  be  a 1.5  to  20.0  m 
deep  forebay  upstream  of  the  wetland  area  for  settleable  solids  removal 


Average  active  water  depth  of  0.3  m (below  any  ice  coverage  allowance)  with  1 
m deep  zones  for  flow  redistribution  and  deeper  for  fish  and  submerged  or 
floating  aquatic  vegetation  habitat.  Freezing  of  the  wetland  will  not  affect  the 
plants  and  vegetation.  The  efficiency  will  be  much  lower.  Fish  restocking  will 
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likely  be  required  unless  deep  zones  are  increased  to  ensure  survival.  However, 
this  will  add  to  the  construction  cost. 

Length  to  width  ratios  can  be  as  low  as  1 : 1 

Shape  of  the  treatment  cell(s)  can  vary  and  depends  on  landscaping  features 
required  for  attracting  wildlife  and  for  public  enjoyment,  and  shape  of  available 
land 

Bottom  slope  of  0.5  to  1 .0  percent  is  recommended.  A flat  bottom  promotes  sheet 
flow  through  the  system 


Vegetation  can  be  cost  effectively  transplanted  from  local  donor  sites  including 
ditches  maintained  by  the  Province  and  construction  sites  where  small  pocket 
wetlands  are  to  be  removed 


Flow  regime  and  control  recommendations  as  follows: 


Gravity  flow  is  the  preferred  method  of  ipevement  of  water  into,  through  and  out 
of  the  treatment  wetland  \ 


Divert  high  flows  during  extreme  rainfall  ev%ts  around  the  wetland 


Inflow  and  outflow  strucmrg^^that  will  accommodate  a wide  range  of  rainfall 
intensities  are  required.  ^ 


Ancillary  benefits  that  increase  the  value  of  the  wetland  are: 


,0% 

^ ■ 


Landscaped  feS^res  may  provide  a park-like  setting 


\ 

Nuisance  controls  that  should  be  considered  are: 


)sqm^  control  which  includes  introducing  or  making  habitat  available  for 
ba^^sh  Jfethead  minnows),  dragon  flies,  purple  martins,  swallows,  and  bats 


Odour  control  is  not  usually  required  since  treatment  wetlands,  if  designed 
properly,  do  not  generate  odours 


Nuisance  wildlife,  including  carp  and  muskrat,  will  require  control  since  they  will 
destroy  or  consume  the  wetland  vegetation  and  will,  in  the  case  of  carp,  re- 
suspend settled  materials 


Freezing  conditions  during  the  winter  months  will  not  adversely  affect  the  wetland 
community  (plants,  microbes)  but  treatment  efficiency  will  be  reduced.  Also, 
during  spring  runoff,  treatment  for  solubles  will  be  less  effective.  To  minimize 
the  flushing  effects  of  spring  runoff,  the  wetland  should  be  designed  to  avoid  re- 
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suspension  of  sediments.  This  can  be  accomplished  through  sizing,  layout  and 
planting  within  the  wetland. 


6.5.4  Infiitration  Trenches 


6.5.4. 1 Purpose 

The  purpose  of  an  infiltration  trench  is  to  collect  and  provide  temporary  storage  of  surface 
runoff  for  a specific  design  frequency  storm  and  to  promote  subsequent  infiltration.  The 
three  basic  trench  systems  are  complete  exfiltration,  partial  exfiltration,  and  water  quality 
exfiltration.  Each  system  is  defined  by  the  volume  of  annual  runoff  diverted  to  the  trench 
and  the  degree  to  which  the  runoff  is  exfiltrated  into  the  soils.  Infiltration  trenches  differ 
from  on-lot  infiltration  systems  in  that  they  are  generally  constructed  to  manage 
stormwater  flow  from  a number  of  lots  in  a developed  area,  not  a single  property. 


6.5.4.2 


Description 


Infiltration  trenches  can  be  constructed  at  ground  surface  level  to'%it%rcept  overland  flow 
directly,  or  constructed  as  a subsurface  component  of  a storm  sewer  system.  Infiltration 
trenches  are  generally  composed  of  a clear  stonf^^orage  layer  and  a sand  or  peat  filter 
layer.  There  are  other  options  for  the  type  of  filtrf^sed  such  as  a non-woven  filter  fabric. 

\ 

6.5.4.3  Application 

Infiltration  trenches  are  best  utifi^rf^as  recharge  devices  for  compact  residential 
developments  (<  2 ha),  rather  than  a$  a larger-scale,  water  quality  treatment  technique. 
Normally,  infiltration  trenches  are  not  used  in  commercial  or  industrial  areas  because  of 
the  potential  for  high|€f©ntaminant  loads  or  spills  that  may  result  in  groundwater 
contamination.  M 


6.5.4.4 


£%ctiveness 


Infiltratioli  tre^phes  are  effective  in  managing  runoff  from  small  residential  areas.  They 
are  also  d^ecj^%  when  constructed  under  grassed  swales  to  increase  the  infiltration 
potential  of  the  swale.  Clogging  of  the  filter  material  can  be  a frequent  problem  if  solids 
inputs  are  high  and  no  pretreatment  in  the  form  of  grassed  filter  strip  for  surface  trenches 
or  a suitable  oil/grit  separator  for  subsurface  trenches  is  employed.  Groundwater 
mounding  may  also  become  a problem  if  infiltration  volumes  are  too  high. 


6.5.4.5 


Water  Quantity 


Infiltration  trenches  provide  marginal  water  quantity  control.  As  such,  the  application  of 
infiltration  trenches  is  likely  only  appropriate  as  a secondary  facility  where  the 
maintenance  of  groundwater  recharge  is  a concern. 

Infiltration  trenches  limit  the  volumes  of  runoff  normally  directed  toward  minor  drainage 
systems.  On-lot  drainage  rates  are  also  reduced.  This  will  reduce  the  requirements  for 
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end-of-pipe  detention  storage.  Effective  on-lot  drainage  reductions  on  a subdivision  basis 
will  lower  and  flatten  the  receiving  water  inflow  hydrograph. 

Increased  infiltration  of  stormwater  from  infiltration  trenches  also  provides  recharge  to 
the  local  groundwater  that  may  in  turn  discharge  to  local  streams,  thus  enhancing 
baseflows. 

6.S.4.6  Water  Quality 

Pretreatment  BMPs  such  as  filter  strips  or  oil/water  separators  are  often  used  in 
combination  with  infiltration  trenches  to  minimize  the  potential  for  suspended  sediments 
to  clog  the  trench.  Infiltration  trenches  limit  the  volumes  of  runoff  from  smaller  storm 
events  that  are  normally  the  major  contributor  of  receiving  water  contaminants.  Potential 
contamination  of  groundwater  should  be  considered  when  examining  runoff  quality 
directed  to  the  infiltration  trench. 

6.5.4.T  Design  Considerations 

A surface  infiltration  trench  and  a subsurface  infi|fration  trench  are  shown  in  Figures  6-13 
and  6-14,  respectively.  Infiltration  trenches  ide4^iiave  groundwater  levels  and  bedrock 
layers  to  be  at  least  1 m below  the  bottom  of  thfe^filtration  trench.  Soils  must  have  a 
percolation  rate  of  more  that  1 5 mm/hr.  A suitable  frt|er  fabric  should  be  used  to  protect 
the  stone  storage  media  from  clogging. 

Careful  consideration  should  be  ^yi^%to  the  volume  of  stormwater  directed  to  the 
infiltration  trench.  Only  sufficient  vd|]unp^  should  be  directed  to  the  trench  to  allow,  at 
a maximum,  a forty  eight  hour  drawdown  period. 

In  a subsurface  trench^Jl  series  of  perforated  pipes  carries  stormwater  to  the  trench.  A 
bypass  pipe  or  flow  patfr^hould  be  provided  for  flows  in  excess  of  the  design  capacity 
of 

6.5.5  In] 

6.5.5.1 

The  purpose  of  an  infiltration  basin  is  to  collect  and  provide  temporary  storage  of  surface 
runoff  for  a specific  design  frequency  storm  and  to  promote  subsequent  infiltration. 

6.5.5.2  Description 

Infiltration  basins  are  above-ground  pond  impoundment  systems  that  promote  recharge. 
Water  percolating  through  an  infiltration  basin  either  recharges  the  groundwater  system 
OT  is  collected  by  an  underground  perforated  pipe  system  and  discharged  at  a downstream 
outlet.  The  appearance  of  an  infiltration  basin  is  similar  to  that  of  a wet  or  dry  pond. 


Purpose 
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Figure  6.13 

Surface  Infiltration  Trench 


Observation  Well  with  cap  ^ Grasses  (avoid  deep  rooted  vegetation) 


Figure  6.14 

Subsurface  Infiltration  Trench 


6.S.5.3 


Applicability 


Infiltration  basins  are  generally  considered  for  drainage  areas  less  than  5 ha  that  ha\  e 
permeable  soils.  As  with  wet  or  dry  ponds,  an  infiltration  basin  can  be  designed  as  a 
multi-stage  facility  to  achieve  various  stormwater  management  objectives.  Infiltration 
basins  should  be  used  in  residential  areas  only. 

6.5.S.4  Effectiveness 


Infiltration  basins  have  a very  high  rate  of  failure.  Most  failures  can  be  attributed  to  poor 
site  selection,  poor  design,  poor  construction  techniques,  large  drainage  area,  and  lack  of 
maintenance.  One  of  the  main  problems  inherent  in  infiltration  basins  is  that  large 
volumes  of  water  from  a large  catchment  area  are  expected  to  infiltrate  over  a very  small 
surface  area.  This  leads  to  numerous  problems  and  general  failure  of  these  basins. 

6.5.5.S  Water  Quantity  % 

Infiltration  basins  are  generally  ineffective  for  water  quantity  contioli'  They  only  infiltrate 
limited  volumes  of  water  from  generally  large  cqjtehment  areas  and  must  be  provided  with 
an  overflow  structure  to  discharge  excess  flow^^^s  such,  the  application  of  infiltration 
basins  is  likely  only  appropriate  as  a secondly  facility  where  the  maintenance  of 
groundwater  recharge  is  a concern. 


6.5.S.6  Water  Quality 

The  application  of  pretreatment  to  re&celifediment  loadings  and  a bypass  to  restrict  flows 
during  certain  periods  (road  sanding/salfing,  local  excavation  works,  facility  maintenance) 
is  recommended  to  imj^ye  long-term  infiltration  basin  performance. 


6.5.S.7  Design  Conside^i^^ions 


A typicaki^filtration  basin  is  illustrated  in  Figure  6-15.  Infiltration  basin  design 
consider^ionl^ymust  include  provision  for  construction  at  the  end  of  the  development 
constructi^.  ^tso,  compaction  of  the  basin  and  smearing  of  the  basin  native  material 
must  be  avoided.  The  basin  must  be  constructed  with  a maximum  water  storage  depth 
of  0.6  m to  avoid  compaction,  and  the  groundwater  table  should  be  a minimum  of  1 .0  m 
below  the  infiltration  layer.  Any  area  bedrock  should  also  be  a minimum  of  1 .0  m below 
the  infiltration  layer.  Planting  in  the  basin  should  include  grasses  and  legumes  to 
maintain  or  enhance  the  pore  spaces  in  the  soil. 


6.5.6  Filter  Strips 
6.5.6.1  Purpose 


Filter  strips  are  engineered  conveyance  systems  that  are  designed  to  remove  pollutants 
from  overland  runoff.  By  reducing  overland  flow  velocities,  the  time  of  concentration 
and  infiltration  are  increased,  thereby  slightly  reducing  the  volume  of  runoff  and 
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Overflow  Spillway 


Figure  6.15 
Infiltration  Basin 


minimally  controlling  discharge  rates. 


6.5.6.2  Description 

There  are  two  general  types  of  filter  strips:  grass  and  forested.  Both  consist  of  a level 
spreader,  which  ensures  level  flows,  and  abundant  vegetative  plantings.  The  vegetative 
plantings  promote  pollutant  filtration  and  infiltration  of  stormwater.  Filter  strips  are 
generally  best  implemented  adjacent  to  a buffer  strip,  watercourse,  or  drainage  swale,  as 
discharge  from  a filter  strips  will  be  a sheet  flow  and  thus  difficult  to  convey  in  a 
traditional  stormwater  conveyance  system. 

6.5.6.3  Applicability 


Filter  strips  are  best  applied  as  one  of  a combination  of  BMPs  as  the  maintenance  of 
sheet  flow  through  the  vegetation,  and  thus  consistent  water  quality  benefits,  has  been 
difficult  to  maintain  in  practice.  % y 


6.5.6.4  Effectiveness 


Limited  filter  strip  performance  data  are  availablg^jn  the  literature  although  it  is  generally 
thought  that  properly  designed  filter  strips  are  odpi^ble  of  removing  a high  percentage  of 
stormwater  particulates.  \ 


6.5.6.5  Water  Quantity 

Filter  strips  may  slightly  reduce  the  >?oluffle  of  runoff  by  inducing  infiltration. 

6.5.6.6  Water  Quality 

Although  filter  strips  haV^  been  shown  to  be  somewhat  effective  in  removing  sediment 
and  pollu^nt  loads  in  urban  stormwater  runoff,  the  ability  to  maintain  sheet  flow  through 
the  veget|3^over  the  long  term  has  been  questioned. 

6.5.6.7  D^gr^tonsiderations 

A schematic  of  a grassed  and  wooded  filter  strip  is  shown  in  Figure  6-16.  The  filter  strip 
requires  a level  spreader  with  available  upstream  storage  to  regulate  the  discharge  rate  and 
depth  of  flow  through  the  filter  strip.  The  ideal  slope  for  a filter  strip  is  less  than  5.0 
percent  over  a distance  of  10  to  20  m in  the  direction  of  flow. 

6.5.7  Sand  Filters 


6.5.7.1  Purpose 

Sand  filters  are  above  or  below  ground  end-of-pipe  treatment  devices  that  promote 
pollutant  removal  from  overland  runoff  or  storm  sewer  systems.  Sand  filters  do  not 
provide  a recharge  benefit  as  filtered  stormwater  is  discharged  to  the  storm  sewer  or 
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Figure  6.16 

Schematic  of  Grassed  and  Wooded  Filter  Strip 


receiving  water. 


6.S.7.2  Description 


Sand  filters  can  be  constructed  either  above  or  below  ground  as  an  end-of-pipe  BMP. 
They  are  most  commonly  constructed  with  impermeable  liners  to  guard  against  native 
material  clogging  pore  spaces  and  to  prevent  filtered  water  from  entering  the  groundwater 
system.  Water  that  infiltrates  through  the  filter  is  collected  by  a pervious  pipe  system  and 
conveyed  to  a downstream  outlet.  Some  designs  incorporate  a layer  of  peat  to  enhance 
pollutant  removal  capabilities  of  the  sand  filter,  thus  making  discharge  to  an  infiltration 
trench  a possibility. 

6.S.7.3  Applicability 


Sand  filters  can  be  constructed  either  above  or  below  ground  as  an  end-of-pipe  BMP  and 
are  generally  only  appropriate  for  relatively  small  drainage^rpas  (<  5 ha).  Also,  very 
little  is  known  in  regard  to  sand  filter  performance  and  ^'bld-clijnate  operation  and 
maintenance. 


6.S.7.4 


Effectiveness 


Sand  filters  are  not  widely  used  in  North  Ameri^,  This  method  of  water  quality 
enhancement  should  not  be  generally  applied  without  a detailed  feasibility  assessment. 


6.5.7.5  Water  Quantity  ' . ' 

Sand  filters  are  not  suitable  for  water  quantity  control  as  they  should  not  be  designed  to 
handle  large  influent  flows. 

6.5.7.6  Water  Quality  ^ . 

Sand  filter^l^ave  been  found  to  be  effective  in  removing  pollutants  in  some  jurisdictions, 
however,  litti^^s  know  about  their  performance  in  winter  or  freshet  conditions. 

6.5.7.7  Desi^  Considerations 

A sand  filter  application  is  illustrated  in  Figure  6-17.  Sand  filters  can  be  constructed  as 
surface  filters  or  subsurface  filters  as  part  of  the  stormwater  conveyance  system.  Surface 
filters  are  normally  covered  by  a grass  layer.  Filters  are  lined  with  impermeable 
membranes  to  restrict  clogging  of  the  filter  material  by  native  material. 

6.5.8  Oil/Grit  Separators 


6.5.8.1  ' Purpose 

Oil/grit  separators  are  a variation  of  the  traditional  catchbasin.  They  are  designed  to 
capture  sediment  and  trap  hydrocarbons  suspended  in  runoff  from  impervious  surfaces 
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before  it  enters  a storm  sewer  network  or  other  BMP. 


6.S.8.2  Description 

Oil/grit  separators  are  below  ground,  multi-chamber  catchbasins  usually  comprising  three 
chambers.  Runoff  is  directed  into  the  first  chamber,  which  contains  a permanent  pool. 
Course  sediments  setde  and  debris  is  captured  in  this  chamber.  The  stormwater  then  flows 
through  an  orifice  into  the  second  chamber  where  oil  and  grease  attach  to  sediment  and  settle 
out  The  third  chamber  routes  the  stormwater  out  of  the  catchbasin  back  to  the  storm  sewer 
system. 


6.5.5.3  Applicability 

Od/grit  separators  have  been  applied  to  relatively  small  drainage  areas  (<2  ha),  too  small  for 
wet  ponds  or  wetlands,  to  enhance  stormwater  quality.  They  ^e  |iest  applied  in  areas  of 
high  impervious  cover  where  there  is  a potential  for  dry  weathe^^ills/discharges,  such  as 
with  commercial  parking  lots  or  industrial  land  uses.  Large  oil/grit ^p^ators  are  difficult 
to  maintain  effectively  and  have  relatively  high  operation  and  maintenance  (O&M)  costs. 

6.5.8.4  Effectiveness 

Oil/grit  separators  may  be  most  effective  for  small  drainagb  areas  where  it  is  not  feasible  to 
install  larger  stormwater  management  practices.  In  residential  applications,  oil/grit 
separators  are  not  normally  cost-effective. 

6.5.8.5  Water  Quantity 

Oil/grit  separators  are  not  designed  to  provide  extended  detention  storage,  and  thus  provide 
little  flow  attenuation. 

\ 

6.5.8.6  Wat^^Quality 

To  date,  on^ne,  tl^^e-chamber  (oil,  grit,  discharge)  separators  that  do  not  incorporate  a 
bypass  have found  to  be  generally  ineffective  in  removing  particulate  or  soluble 
pollutants  because  of  a continuous  process  of  re-suspension  and  settling  of  solids. 

6.5.8.T  Design  Considerations 

A three-chambered  oil/grit  separator  is  illustrated  in  Figure  6-18.  Oil/grit  separators  operate 
most  effectively  when  constructed  offline.  A flow  splitter  should  be  used  to  direct  excess 
flow  back  to  the  conveyance  system  or  to  some  other  control  practice.  Only  low  flows 
should  be  directed  to  the  separator. 
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Grass  Cover  | 

I"  p Topsoil 

1 moorage  Depth  I T (150  - 300  mm) 


Figure  6.17 

Sand  Filter  Cross  Section  Profile 


6.6  BMP  Screening  and  Selection 
6.6.1  Initial  Screening 

There  are  a range  of  stormwater  BMP  options  available  for  most  applications.  The 
selection  of  an  appropriate  BMP  or  group  of  BMPs  depends  first  on  the  objectives  for 
stormwater  management  defined  for  a particular  catchment  area,  as  well  as  the  constraints 
placed  on  the  feasibility  of  particular  BMPs  by  physical  site  factors. 


Once  the  objectives  for  stormwater  management  are  well  defined  and  the  site  constraints 
are  understood  individual  BMPs  can  be  evaluated  in  terms  of  their  overall  effectiveness 
as  stormwater  control  facilities.  The  evaluation  of  overall  effectiveness  must  include  both 
water  quantity  and  water  quality  objectives. 


Each  stormwater  management  BMP  has  associated  with  it  certain  advantages  and 
disadvantages  that  may  reduce  the  viable  options  for  sto^>s^ater  management  for  a 
particular  development  area.  ,, 


Table  6-1  summarizes  the  advantages  and  disadvantages  of  a number  of  BMPs. 


Table  6-1  \ 

BMP  Advantages  and  Disadvantages 

BMP 

Advantages 

Disadvantages 

Wet  pond 

• Capable  of  removing  soluble  a§;>%^ll  as  solid 

pollutants  1 f=v 

• Provides  erosion  control  ’"*=**" 

• Habitat,  aesthetic,  and  recreation 
opportunities  ^fd^ided 

• Relatively  Id^Trequent  maintenance 
schedule 

• More  costly  than  dry  ponds 

• Permanent  pool  storage  requires  larger 
land  area 

• Could  have  negative  downstream 
temperature  impacts 

• Could  be  constrained  by  topography  or 
land  designations 

• Sediment  removal  relatively  costly  when 
required 

Dry  pond 

1 ^Blfegh  mode  has  comparable  effectiveness  to 
wet  fends 

• T^  constrained  by  land  area  required  by 
wet  ponds 

• Can  provide  recreational  benefits 

• Potential  re-suspension  of  contaminants 

• More  expensive  O&M  costs  than  wet 
ponds  (batch  mode) 

Wetlands 

• Pollutant-removal  capability  similar  to  wet 
ponds 

• Offers  enhanced  nutrient-removal  capability 

• Potential  ancillary  benefits,  including  aviary, 
terrestrial,  and  aquatic  habitat 

• Requires  more  land  area  than  wet  ponds 

• Could  have  negative  downstream 
temperature  impacts 

• Could  be  constrained  by  topography  or 
land  designations 

• Potential  for  some  nuisance  problems 
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Table  6-1 

BMP  Advantages  and  Disadvantages 

BMP 

Advantages 

Disadvantages 

Infiltration 

trenches 

• Potentially  effective  in  promoting  recharge 
and  maintaining  low  flows  in  small  areas 

• May  be  appropriate  as  secondary  facility 
where  maintenance  of  groundwater  recharge 
is  a concern 

• No  thermal  impact 

• No  public  safety  concern 

• Appropriate  only  to  small  drainage  areas 
(<2  ha)  and  residential  land  uses 

• Constrained  by  native  soil  permeabilities 

• Usually  requires  pretreatment  device 

• Potential  contamination  of  groundwater 
must  be  investigated 

• Generally  ineffective  for  water  quantiu' 
control 

• High  rate  of  failure  due  to  improper 
siting  and  design,  pollutant  loading,  and 
lack  of  maintenance 

Infiltration 

basins 

• Potentially  effective  in  promoting  recharge 
and  maintaining  low  flows  in  small  areas 

• May  be  appropriate  as  secondary  facility 
where  maintenance  of  groundwater  recharge 
is  a concern 

• No  thermal  impact 

• No  public  safety  concern  | ^ 

• Appropriate  only  to  relatively  small 
drainage  areas  (<5  ha)  and  residential 
land 

• Constr^ir^  by  native  soil  permeabilities 

• Pretreatmente^ecommended 

• Potential  contamination  of  groundwater 
s must  be  investigated 

• Generally  ineffective  for  water  quantity 
\ control 

High  rate  of  failure  due  to  improper 
siting  and  design,  pollutant  loading,  and 
lack  of  maintenance 

Filter  strips 

• Water  quality  benefits  may  be:-feal^ed  if 
part  of  overall  SUM  plan  (i.e.,.^33  ^condary 
facility) 

• Effective  in  ftjte^ng  out  suspended  solids 
and  intercep^^g  precipitation 

• May  reduce  r^off  by  reducing  overland 
flow  velocities,  f^reasing  time  of 
concentration,  and  increasing  infiltration 

jjJ^an  create  wildlife  habitat 

1^  N^:jhermal  impact 

• Limited  to  small  drainage  areas  (<2  ha) 
with  little  topographic  relief 

• Uniform  sheet  flow  through  vegetation 
difficult  to  maintain 

• Effectiveness  in  freeze/thaw  conditions 
questionable 

Sand  filters 

•%^^rally  effective  in  removing  pollutants, 
are  resistant  to  clogging  and  are  easier/less 
expensive  to  retrofit  compared  to  infiltration 
trenches 

• Not  suitable  for  water  quantity  control 

• Generally  applicable  to  only  small 
drainage  areas  (<5  ha) 

• Do  not  generally  recharge  groundwater 
system 

• May  cause  aesthetic/odour  problems 

• O&M  costs  generally  higher  than  other 
end-of-pipe  facilities 

Oil/grit 

separators 

• Offline,  3-chamber  (oil,  grit,  discharge)  or 
manhole  separators  may  be  appropriate  for 
commercial,  industrial,  large  parking,  or 
transportation-related  areas  less  than  2 ha 

• Difficult  to  maintain 

• Relatively  high  O&M  costs 

• Online  design  of  3-chamber  separators 
has  resulted  in  poor  pollutant  removal 
performance 
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6.6.2  Physical  Constraints 


Site  characteristics  may  be  the  factor  that  will  ultimately  determine  the  applicability  of 
individual  or  combinations  of  BMPs.  Physical  factors  that  need  to  be  assessed  in  evaluating 
the  suitability  of  BMPs  include: 


• Topography 

• Soils  stratification 

• Depth  to  bedrock 

• Depth  to  seasonably  high  water  table 

• Drainage  area 


As  stated  in  Section  4.2,  it  should  be  recognized  that  development  along  the  eastern  slopes  of 
the  Rockies  can  be  faced  with  totally  different  runoff  characteristics  than  communities  further 
east.  The  resulting  runoff,  both  within  the  urban  catchment  and  from  the  rest  of  the  watershed 
creates  some  challenges  in  selecting  BMPs  to  address  the  stoim^^^r  management  concerns. 
For  example: 


detention  ponds  may  not  be  able  to  be  used  if  |be  potential  site  is  in  a steep  part  of  the 
development.  1 ^ 


’Sin 


debris  dams  may  be  required  to  collect  and  controT^ediment,  large  and  small,  from  the 
upper  part  of  the  watershed. 


proper  design  of  the  overland  flo€^  .^ftapiels  is  paramount,  especially  at  road  crossing. 
This  includes  the  channel  alignment^^pdlftie  design  of  erosion  protection,  so  that  damage 
to  adjacent  property  does  not  occur. 


crossings  in  channel^hould  be  sized  so  that  they  convey  any  debris  that  might  be 
envisaged. 

turbulent^feqw  and  air-entrainment  may  occur  in  channels  and  streams. 


periodic  dams  may  be  required  in  the  stream  or  channel  to  dissipate  energy  from 

the  fast  flowing  runoff. 


more  conservative  design  of  riprap  in  streams  and  at  culverts. 


Table  6-2  summarizes  physical  constraints  associated  with  various  BMP  types. 
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Table  6-2 

Physical  BMP  Constraints 

BMP 

Criteria 

Topography 

Soils 

Bedrock 

Groundwater 

Area 

On-Lot  BMP 

Flat  lot  grading 

<5% 

none 

none 

none 

none 

Soak-away  pit 

none 

loam  (min. 
infiltration  rate 
>15  mm/h) 

>1  m below 
bottom 

> 1 m below 
bottom 

<0.5  ha 

Rear  yard 
infiltration 

<2% 

loam  (min. 
infiltration  rate 
>15  mm/h) 

>1  m below 
bonom 

>1  m below 
bonom 

<0.5  ha 

Conveyance  BMP 

Grassed  swales 

<5% 

none 

none  ^ 

{.none 

none 

Perforated  pipes 

none 

loam  (min. 
infiltration  rate 
>15  mm/h) 

>1  m below 
bottCLtn 

^%,p4>elow 

bottom 

none 

Pervious 

catchasins 

none 

loam  (min. 
infiltration  rate 
>15  mm/h) 

>f.JiM3elow 

bottom'^. 

>1  m below 
bottom 

none 

End-of-Pipe  BMP 

Wet  pond 

none 

none  ;; 

none 

none 

>5  ha 

Dry  pond 

none 

none 

none 

none 

>5  ha 

Wetland 

none 

none 

none 

none 

>5  ha 

Infiltration 

basin 

none 

i:  loam  (min. 
^mfiltration  rate 
>^  mm/h) 

>1  m below 
bonom 

> 1 m below 
bottom 

<5  ha 

Infiltration 
trench  < 

! 

^one 

loam  (min. 
infiltration  rate 
>15  mm/h) 

>1  m below 
bottom 

>1  m below 
bottom 

<2  ha 

Filter  strips 

none 

none 

>0.5  m below 
bottom 

<2  ha 

Sand  filters 

none 

none 

none 

>0.5  m below 
bottom 

<5  ha 

Oil/grit 

separators 

none 

none 

none 

none 

<1  ha 

MOEE,  1994 



6.6.3  Final  Screening 

In  the  initial  screening  phase  the  options  for  BMPs  were  limited  by  particular  disadvantages 
and  site  constraints.  The  list  of  BMP  options  that  are  still  considered  feasible  are  further 
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screened  by  the  application  of  specific  objectives  that  must  be  met  as  part  of  the  development 
including: 

• Water  quality 

• Flooding 

• Erosion 

• Recharge 

The  performance  of  the  BMPs  in  regard  to  the  objectives  for  stormwater  management  are 
shown  in  Table  6-3. 


Table  6-3 

Potential  BMP  Opportunities 

Stormwater  BMP 

Water  Quality 

Flooding 

Erosion 

Recharge 

Lot  Level  BMPs  \ 

Lot  grading 

♦ 

♦ 

• 

Roof  leader  ponding 

♦ 

II**'  ^ 



♦ 

• 

Roof  leader  soak-away  pits 

♦ 

♦ 

• 

Conveyance  BMPs 

Pervious  pipes 

.* 

♦ 

♦ 

• 

Pervious  catchbasins 

♦ 

♦ 

• 

Grassed  swales 

.'>*  '*• 

♦ 

• 

♦ 

End-ompe  BMPs 

Wet  pond 

j..,  • 

• 

• 

o 

Dry  pond  \ 

♦ 

o 

• 

o 

Dry  pond  with  forebay 

. 

• 

o 

Wetland 

• 

# 

. 

o 

Sand  filter 

• 

♦ 

♦ 

o 

Infiltration  trench 

♦ * 

♦ 

♦ 

• 

Infiltration  basin 

♦ * 

♦ 

♦ 

• 

Vegetated  filter  strip 

• 

o 

♦ 

♦ 

Buffer  strip 

♦ 

o 

♦ 

♦ 

Special  purpose  BMP 

Oil/grit  separator 

♦ 

o 

o 

o 

• Highly  effective  (primary  control) 

♦ Limited  effectiveness  (secondary  control) 
o Not  effective 

* May  have  adverse  effects 
From  MOEE,  1994 
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6.6.4  Water  Quality  Control  and  Enhancement  Opportunities 

In  many  areas  of  development,  stormwater  management  practices  must  meet  stringent  water 
quality  objectives  to  protect  sensitive  receiving  waters.  Water  quality  objectives  can  be 
defined  for  a stormwater  management  system  and  then  appropriate  BMPs  can  be  selected  from 
the  prescreened  list  that  will  meet  the  water  quality  objectives. 

The  reported  effectiveness,  to  remove  pollutants,  of  a number  of  BMPs  are  shown  in  Table  6-4 
The  average,  reported  range,  and  probable  range  of  the  BMPs  are  also  shown  in  the  table.  It 
can  be  seen  that  the  efficiencies  of  BMPs  are  widely  variable.  They  can  be  affected  by  the 
configuration  and  shape  of  the  design,  rainfall  intensity,  volume  and  duration,  detention  time, 
flow  rates,  runoff  characteristics,  and  can  be  site  specific.  Solids  and  metals  settled  at  the 
bottom  of  a detention  pond  could  be  re-suspended  by  high  flows  in  spring  next  year  thereby 
reducing  its  control  efficiency.  The  size  of  the  permanent  pool  in  a wet  pond  can  affect 
significantly  the  removal  efficiency  of  total  suspended  solids  and  associated  particulates.  A 
larger  permanent  pool  will  increase  the  removal  efficiencies.  In^^pst  cases,  a detention  time 
of  12  to  24  hours  will  remove  a large  proportion  of  suspended  s^Ms.  ,, 

Since  efficiencies  are  affected  by  a large  number  of  h^^^fologic  and  hydraulic  factors,  long  term 
monitoring  is  necessary  to  measure  the  performanc^.qj^a  particular  BMP  under  a variety  of 
conditions.  Several  years  of  monitoring  of  a number^wfocilities  are  necessary  to  establish  the 
average  and  reported  range  of  efficiency  of  a particu%r  BMP.  Because  of  long  term 
commitment  and  the  high  cost  of  monitoring,  there  has  been  little  effort  spent  in  this  field. 
Table  6.4  provides  a reference  for  the  approximate  range  of  efficiencies  but  best  professional 
judgement  is  necessary  in  selecting  thfe  .^^t  type  of  BMPs  for  controlling  the  intended 
pollutants.  A discussion  on  the  monitorii^  qi'^tormwater  BMPs  is  given  in  Section  7. 
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Table  6-4 

Effectiveness  of  Best  Management  Practices  for  Control  of  Runoff  from  Newly  Developed  Areas 

References 

NVPDC,  1979; 
EPA,  1977; 
Schueler,  1987; 
Griffin  et  al,  1980; 
EPA,  1983; 
Woodword-Clyde, 
1986 

NVPDC,  1979; 
EPA,  1977; 
Schueler,  1987; 
Griffin  et  al,  1980; 
EPA,  1983; 
Woodword-Clyde, 
1986; 

Kuo  et  al  1988; 
Lugbill,  1990 

lEP,  1991 
Gasman,  1990 
Glick  et  al,  1991 
VADC,  1987 
Minnesota  PCA, 
1989 

Schculcr,  1987 
Hartigan  et  al  1989 

go  1 

wo  S 1 £ — 5 

0-5^ 

1 1 ^ J ^ - 5 

Factors 

Soil  percolation 
rates 

Basin  surface  area 
Storage  volume 

Soil  Percolation 
rates 

Trench  surface  area 
Storage  volume 

Runoff  volume 
Slope 

Soil  infiltration  rates 
Vegetative  cover 
Buffer  length 

Runoff  volume 
Slope 

Soil  infiltration  rates 
Vegetative  cover 
Swale  length 
.Swale  geomeliy 

Removal  Efficiency  (%) 

Zn 

65 

60-100 

50-80 

65 

45-100 

60-100 

50-90 

TT 

09 

,^^|0-90 

M. 

o 

6 

r<\ 

50-80 

10-20 

! 

Pb 

1 65 

o 

o 

o 

50-80 

65 

45-100 

001-09 

50-90 

45 

20-90 

o 

rn 

3-100 

10-20 

01 

COD 

65 

60-100 

o 

00 

6 

65 

45-100 

60-100 

50-90 

rr 

o 

o 

• 

<N 

25 

25 

• 

- 

TN 

80 

60-100 

50-80 

1^ 

55 

(110)- 100 

r 

& o 

50-90 

o\ 

40 

0-70 

20-60 

m 

01 

0-40 

10-30 

TP 

»n 

VO 

60-100 

50-80 

09 

o 

o 

o 

60-100 

50-90 

0\ 

0-95 

30-80 

0-100 

20-40 

X 

TSS 

% 

o 

o 

50-80 

75 

45-100 

60-100 

50-90 

Ov 

65 

20-80 

40-90 

0-100 

20-40 

- 

Average: 

Reported  Range: 

SCS  Soil  Group  A 

SCS  Soil  Group  B 

No.  of  Values 
Considered: 

Average: 

Reported  Range: 

Probable  Range: 

SCS  Soil  Group  A 

SCS  Soil  Group  B 

No.  of  Values 
Considered: 

Average: 

Reported  Range: 

Probable  Range: 

No.  of  Values 
Considered: 

Average: 

Reported  Range: 

Probable  Range: 

No.  of  Values 
Considered 

Management 

Practice 

Infiltration 

Basin 

Infiltration 

Trench 

Vegetated 
Filter  Strip 

Grass  Sawle 
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References 

Schueler,  1987 

Day,  1981 
Smith  et  al,  1981 
Schueler,  1987 

City  of  Austin,  1988 
Environmental  and 
Conservation  Service 
Department,  1990 

Pitt,  1965 
Field,  1965 
Schueler,  1987 

Shaver,  1991 

Factors 

Maintenance 

Sedimentation 
storage  volume 

Percolation  rates  j 

Treatment  volume 
Filtration  media 

Maintenance 

Sedimentation 
storage  volume 

Sedimentation 
storage  volume 

Depth  of  media 
1 

Removal  Efficiency  (%) 

Zn 

5-10 

5-10 

- 

06 

65-100 

60-90 

<N 

65 

50-80 

o 

00 

o 

5-10 

5-10 

- 

'C 

50-80 

50-80 

- 

Pb 

10-25 

10-25 

fS 

06 

65-100 

60-90 

(N 

09^ 

o 

S' 

40-80 

o 

10-25 

CM 

Sc 

70-90 

70-90 

- 

COD 

5-10 

5-10 

- 

06 

65-100 

60-90 

<N 

o 

5-10 

5-10 

- 

55 

45-70 

40-70 

- 

z 

20 

5-55 

5-10 

<N 

06 

1 

»A 

VO 

35 

20-40 

20-40 

r- 

20 

5-55 

5-10 

CM 

35 

30-45 

30-40 

- 

TP 

1/^ 

5-10 

5-10 

>:• 

\ 

06 

65-100 

60-90 

<N 

50 

0-90 

o 

oo 

6 

VO 

5-10 

5-10 

- 

VN 

NA 

1 

TSS 

€ 

10-25 

06 

65-100 

60-90 

CM 

80 

60-95 

60-90 

o 

35 

0-95 

10-25 

80 

75-85 

70-90 

- 

Average: 

Reported  Range: 

Probable  Range: 

No.  of  Values 
Considered: 

Average: 

Reported  Range: 

Probable  Range: 

No.  of  Values 
Considered: 

Average: 

! 

Reported  Range: 

Probable  Range: 

No.  of  Values 
Considered: 

Average: 

Reported  Values: 

Probable  Values: 

No.  of  Values 
Considered: 

Average: 

Reported  Range: 

Probable  Range: 

No.  of  Values 
Considered: 

Management 

Practice 

Porous 

Pavement 

Concrete  Grid 
Pavement 

Sand 

Filter/Filtratio 
n Basin 

Water  Quality 
Inlet 

Water  Quality 
Inlet  with 
Sand  Filter 
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References 

Pitt,  1985 
Schuller,  1987 

MWCOG,  1983 
City  of  Austin,  1990 
Schuclcr  and 
Heinrich,  1988 
Pope  and  Hess,  1989 
OWML,  1987 
Wollnold  and  Stack, 
1990 

Wotzka  and  Oberta, 
1988 

Yousel  et  al,  1986 
Cullum,  1985 
Driscoll,  1983 
Driscoll,  1986 
MWCOG,  1983 
OWML,  1983 
Yu  and 

Benemouflok,  1988 
Mother,  1989 
Martin,  1988 
Dowman  ct  al,  1989 
OWML,  1982 
City  of  Au.stin,  1990 

Ontario  Ministry  of 
the  Environment, 
1991  cited  in 
Schueler  et  al  1992 

Factors 

Sedimentation 
storage  volume 

Outlet 

configurations 

Storage  volume 
Detention  time 
Pond  shape 

Pond  volume 
Pond  shape 

Pond  volume 
Pond  shape 
Detention  time 

Removal  Efficiency  (%) 

Zn 

5-10 

5-10 

- 

20 

VO 

40-60 

80 

10-95 

W-) 

o 

04 

20-95 

- 

Pb 

10-25 

10-25 

- 

50 

25-65 

20-60 

%.  ^ 

£L 

oo 

c 

10-95 

/ 



1 

40 

10-95 

- 

COD 

5-10 

5-10 

20 

0-40 

o 

6 

40 

^ 

Cv  o 

10-90 

r~- 

VN 

VN 

10-90 

z 

5-10 
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- 

30 

20-60 

■■xo 

35 

5-85 

10-90 

ov 

55 

55 

10-90 

- 

TP 

5-10 

5-10 

in 

<N 

10-55 

10-60 

VO 

45 

10-85 

20-90 

oo 

65 

50-60 

50-90 

TSS 

W 

10-25 

<N 

45 

5-90 

70-90 

VO 

09 

erv 

o 

o 

o 

00 

80 

50-100 

50-95 

rn 

Average: 

Reported  Range: 

Probable  Range: 

No.  of  Values 
Considered: 

Average: 

Reported  Range: 

Probable  Range: 

No.  of  Values 
Considered: 

Average: 

Reported  Range: 

Probable  Range: 

No.  of  Values 
Considered: 

Average: 

Reported  Range: 

Probable  Range: 

No.  of  Values 
Considered: 

Management 

Practice 

Oil/Grit 

Separator 

Extended- 
Detention  Dry 
Pond 

Wet  Pond 

Extended- 
Detention  Wet 
Pond 

Section  7 

Operation  and  Maintenance  Considerations 
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7.0  Operation  and  Maintenance  Considerations 

7.1  Introduction 

There  are  a number  of  operation  and  maintenance  activities  that  must  be  carried  out  if  an 
urban  stormwater  management  system  is  to  serve  the  public  adequately.  As  stormwater 
systems  are  not  for  primary  public  health  protection  (unlike  water  supply  and  sewage 
collection  systems),  operational  considerations  may  not  currently  be  a major  component 
of  a municipality’s  annual  operation  and  maintenance  budget.  The  design  of  stormwater 
management  facilities  has  historically  emphasized  the  need  for  conveyance  and  flood 
control.  The  introduction  of  new  water  quality  design  criteria  for  urban  stormwater 
management  facilities  and  BMP’s  that  emphasize  water  quality  necessitate  changes  in 
operation  and  maintenance  practices.  Poor  practice  in  this  area  will  eventually  result  in 
great  expense  and  inconvenience  to  the  public  and  can  also  be  a factor  in  causing 
pollution  problems  in  receiving  water  bodies. 

Urban  stormwater  management  facilities  designed  for  pollutaM%moyal  present  a new  set 
of  operation  and  maintenance  issues.  A number  of  conveyance  and 

stormwater  quality  control  are  not  currently  effective  within  most  municipalities,  partly 
because  of  operation  and  maintenance  problem^|tlpt  are  associated  with  the  BMP  or  at 
least  are  perceived  to  be  associated  with  the  BM?^  The  implementation  of  BMP’s  such 
as  swales  and  ditches  as  minor  system  componenfs^or  enhanced  wet  ponds  as  major 
system  components  can  have  a significant  impact  on  the  level  of  effort  required  by  a 
municipality  to  maintain  stormwat^  management  facilities  at  an  optimal  level  of 
operation.  Also,  changes  in  th#  retirements  for  operation  and  maintenance  of 
stormwater  management  facilities  md|  i^roduce  a different  set  of  liability  issues  than 
may  be  a concern  of  the  municipality^  These  liabilities  may  be  associated  with  the 
physical  appurtenances  ,p4.the  stormwater  management  facility  or  the  accumulation  of 
pollutants  captured  ffo^^  runoff. 

It  is  important  for  a municipality  to  have  in  place  an  effective  and  efficient  operation  and 
maintenan^strategy.  Such  a strategy  can  limit  the  liabilities  and  additional  costs  that 
may  be  aiso^ted  with  maintaining  urban  stormwater  quality  control  facilities.  Also, 
deferred  rifentejtoce  of  urban  stormwater  quality  control  facilities  often  results  in  failure 
of  the  systerff  and  accumulation  of  pollutants  above  acceptable  limits. 

This  section  outlines  the  operation  and  maintenance  requirements  associated  with  urban 
stormwater  control  alternatives  that  are  part  of  the  current  minor  system  conveyance  and 
flood  control  practices  and  those  additional  stormwater  quality  control  enhancements  that 
are  recommended  as  BMP’s. 

7.2  Conventional  Operation  and  Maintenance 

Most  minor  system  components  are  subject  to  problems  such  as  erosion,  clogging,  and 
collapse.  Maintenance  is  required  to  preserve  capacity  within  the  system.  Maintenance 
activities  for  the  minor  system  can  be  divided  into  preventive  and  corrective  measures. 
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7.2.1  Preventive  Maintenance 


Preventive  maintenance  comprises  the  inspection  of  the  system,  record  keeping,  regular 
maintenance  and  the  analysis  of  data  related  to  past  complaints  and  problems. 

Routine  inspections  should  be  carried  out  on  all  minor  system  components  in  association 
with  regular  scheduled  maintenance  such  as  catchbasin  cleaning  and  street  sweeping.  The 
frequency  of  these  maintenance  requirements  is  generally  sufficient  to  provide  adequate 
inspection  opportunities  for  minor  system  components.  Inspection  requirements  should 
be  documented  for  each  type  of  system  component  and  the  information  transferred  to 
adequate  inspection  records.  More  detailed  inspections,  such  as  camera  inspections  of 
sewer  infrastructure  components,  should  be  carried  out  at  some  frequency  as  determined 
by  the  municipality.  The  frequency  should  be  specific  to  each  type  of  system  component 
and  reflect  historical  maintenance  problems,  the  age  of  the  system,  and  the  operational 
parameters  such  as  stormwater  quality  and  discharge  rates. 

% 

Record  keeping  is  essential  to  effective  maintenance  of  the  sfoigm water  drainage  system. 
Complete  records  should  be  kept  of  all  storm  sewer  system  compgAnts,  including: 

• When  the  sewer  was  constructed  (also,  ^e^^sdesigner  and  contractor), 

• Type,  size,  and  shape  of  pipe, 

• Service  area  and  land  use, 

• Manholes  and  catchbasins  (location,  type,  and  inverts), 

• Inspections  (date,  methods,  legation,  and  results), 

• Complaints  (location,  nature,  dat€,  time,  weather),  and 

• Repairs  and  replacements.  ^ " 

A record-keeping  systeip<^  information  management  system  is  recommended  to  maintain 
a useful  database.  Tlf^hysical  data  should  be  recorded  on  "as-constructed"  drawings, 
which  include  the  plan  al^J  profile  of  all  sewers.  As  well,  overall  composite  drawings  of 
the  entire ,|ystem  are  valuable  for  containing  much  of  the  above  information.  Composite 
drawings  system  information  should  be  in  reproducible  form  and  be  updated  as 
changes  |cci^  The  options  for  information  management  that  can  be  selected  by  the 
municipa^/  ra^e  from  hard-copy  filing  to  computer-based  software  packages  that  are 
used  to  reco^  specific  inventory  data  like  Sewer  Information  Management  System 
(SIMS)  to  complete  Geographical  Information  Systems  (GIS)  that  integrate  system  data, 
records,  and  mapping  requirements  into  a single  package  that  may  include  all  municipal 
information  such  as  sanitary  sewers,  storm  sewers,  water  supply,  surface  water  resources, 
water  quality,  and  roads.  The  GIS  system  is  the  most  advanced  and  efficient  tool  but 
may  be  cost-prohibitive  for  some  municipalities. 

Regular  maintenance  is  required  to  ensure  the  function  of  the  stormwater  drainage  system. 
During  a rainfall  event,  it  is  important  to  be  able  to  provide  adequate  flood  control  to 
limit  the  potential  for  property  damage  and  personal  injury.  Regular  maintenance  should 
include  the  following  activities: 
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• Cleaning  and  flushing  of  streets, 

• Sediment  removal  from  catchbasins, 

• Supervision  of  connections  and  disconnections, 

• Steaming  of  frozen  catchbasins,  outfalls,  and  culverts, 

• Inspection  of  pipe  condition  by  visual  or  camera  techniques, 

• Repair  or  replacement  of  damaged  pipe,  manholes,  catchbasins,  and  other 
appurtenances,  and 

• Review  and  updating  of  records. 

7.2.2  Corrective  Maintenance 


Corrective  maintenance  is  unscheduled,  relating  mainly  to  emergency  situations.  It 
pertains  to  items  requiring  immediate  repair  such  as  pipe  breaks,  collapses,  or  washouts. 
Corrective  actions  can  be  taken  to  reduce  flood  potential,  to  limit  liability,  to  prevent 
personal  injury,  or  to  protect  the  environment. 
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Maintenance  Responsibilities 


The  municipality  is  the  authority  ultimately  respq^ible  for  the  operation  and  maintenance 
of  urban  stormwater  management  facilities. 

Operation  and  Maintenance  of  Detention  FaciUlte^ 


7.3.1  Wet  Ponds 


Wet  ponds  have  a permanent  pool  «f  water  stored  at  all  times.  Concerns  with  algae 
growth,  mosquitos,  and  overgrown  vlgetation  have  to  be  addressed.  A maintenance 
schedule  should  be  established  for  the  summer  and  winter  seasons. 

7.3. 1.1  Maintenance  R^ponsibilities 

Regularly^quired  activities  for  the  aesthetic  appearance  and  recreational  utility  of  the 
facility  ^clu^e  lawn  mowing,  shrub  trimming,  debris  removal,  and  ice  thickness 
monitori^  N^ntenance  activities  related  to  the  water  body  and  control  structures  and 
include  wat^ quality  observation,  aquatic  weed  control,  and  sediment  removal. 


Unscheduled  maintenance  will  be  required  from  time  to  time  in  response  to  extreme 
rainfalls  or  prolonged  dry  periods.  These  activities  include  attendance  at  detention 
facilities  when  they  are  at  flood  levels,  embankment  and  shoreline  repairs,  freeing  outlets 
plugged  by  debris  or  ice,  low-water-level  control,  and  the  handling  of  algal  blooms.  The 
frequency  and  cost  of  these  maintenance  activities  depend  on  the  season,  type  of  pond 
(wet  or  dry),  the  size  of  the  facility,  and  the  objectives  of  the  municipality  for  the  area 
as  part  of  its  landscape  and  recreational  facilities. 
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7.3.1.2 


Equipment  Access 


It  is  imperative  that  access  for  maintenance  equipment  be  included  in  the  design  of 
detention  facilities.  Rapid  access  to  inlet  and  outlet  works,  although  infrequently  required, 
must  be  provided.  These  access  points  should  not  be  obstructed  by  fences,  landscaping, 
or  other  works.  Access  to  wet  ponds  must  provide  for  the  eventual  need  for  scrapers  or 
crawler  tractors  and  trucks  to  remove  sediment  accumulation  on  the  pond  bottom. 
Sediment  removal  will  also  require  a means  for  draining  the  pond  (either  built  into  the 
outlet  structure  or  by  pumping). 

7.3. 1.3  Turf  and  Landscape 

Turf  and  landscape  maintenance  can  be  the  most  significant  and  costly  portion  of  a 
detention  facility’s  maintenance  budget.  It  is  a regular  activity  during  the  spring,  summer, 
and  early  fall. 

Detention  facilities  require  grass  cutting  and  tree  pruning  ^5^ublic  areas  to  the  same 
extent  as  any  other  park  area.  It  is  advisable  to  have  a limited^;^^ijmber  of  trees  in  the 
grassed  area  around  a pond  to  facilitate  operat^^^  of  ride-on  lawnmowers  for  fast  and 
efficient  cutting  of  grass.  Trees  should  either  ife  ^aced  far  apart  or  planted  in  clusters. 

X 

# X 

In  residential  areas  where  aesthetics  are  a concern  land  owners,  grass  cutting  in  dry 
ponds  and  around  the  perimeter  of  wet  ponds,  may  be  required  during  the  summer 
months.  Grass  cutting  will  not,  how|yer,  enhance  water  quality  and  should,  therefore,  be 
done  as  infrequently  as  possible.  Whp#;^utting  grass,  care  should  be  taken  to  ensure  that 
grass  clippings  are  not  ejected  intajhe  detention  pond.  Grass  cuttings  add  organic 
loading  to  the  pond. 

7.3. 1.4  Debris  Remold 

X 

Debris  ai^  litter  are  significant  maintenance  issues.  Frequent  maintenance  visits  are 
required  t^^pty  litter  containers,  pick  up  wind-blown  litter,  remove  floating  debris,  and 
check  fo|  vSii^alism.  Inlet  and  outlet  structures  should  be  occasionally  checked  for 
blockage^^  Dlbris  should  be  removed  from  the  site  especially  the  inlet  and  outlet 
structures  at  each  mowing  and  if  required,  after  major  storm  events. 

7.3. 1.5  Outlet  Valve  Adjustment 

The  effects  of  detention  times  on  water  quality  may  vary  from  one  pond  design  to 
another.  The  outlet  valve  should  be  adjustable  in  order  to  control  the  detention  time  and 
the  resultant  water  quality  discharged  from  the  pond.  Outlet  adjustments  should  be  based 
on  discharge  water  quality  criteria. 
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7.3.1.6 


Control  of  Weeds,  Aquatic  Weeds,  and  Algae 


Weeds  around  detention  facilities  are  described  as  any  unwanted  vegetation.  Weeding 
should  be  done  by  hand  to  prevent  the  destruction  of  surrounding  vegetation.  The  use  of 
herbicides  and  insecticides  should  be  prohibited  near  wet  ponds  since  they  create  water 
quality  problems.  The  use  of  fertilizer  should  also  be  limited  to  minimize  the  nutrient 
loadings  to  the  downstream  receiving  waters. 


The  growth  of  aquatic  weeds  in  detention  ponds  is  affected  by  the  water  depth,  turbidity, 
and  the  availability  of  nutrients.  Water  depth  is  the  major  factor  for  the  control  of 
emergent  vegetation.  When  the  depth  exceeds  1.2  m,  emergent  vegetation  is  rarely  a 
problem.  This  still  leaves  a potential  for  weed  growth  around  the  perimeter  of  the  pond. 
Soil  sterilization  with  a chemical  will  restrict  growth  in  this  zone  for  2 or  more  years. 
After  this  period  a number  of  options  can  be  pursued: 


Accept  the  perimeter  growth.  Many  people  do  not  c 
such  as  cattails,  unsightly. 


emergent  vegetation. 


Cut  and  remove  the  weed  growth  from  e|jher  the  land  or  the  water.  This  will  be 
a short-term  solution  (annual  removal  w^l  ^ikely  be  required).  The  feasibility  of 


this  will  depend  on  the  condition  of  the«pl^d  sideslopes. 

\ 

• Drain  the  pond,  remove  the  weed  growth,  and  re-sterilize  the  perimeter  soil.  If 
chemicals  are  to  be  used^^^  the  municipality  should  check  with  Alberta 
Environmental  Protection  t#en^e  that  their  use  is  permissible. 

I 

• Lower  the  water  surface  for  a period  of  time  (such  as  over  the  winter)  to  kill  the 
growth,  then  reeslablish  the  water  level. 

The  selected  method  forced  control  is  a matter  of  choice,  although  tolerating  the  growth 
is  the  most  economical  ari8  also  protects  water  quality.  The  other  alternatives  involve 
environme^l  and  aesthetic  consequences  that  must  be  considered  based  on  local 
attitudes./  x 

Algal  growtffwill  occur  in  any  water  body  that  has  an  adequate  supply  of  nutrients. 
These  are  usually  available  in  detention  ponds  unless  specific  maintenance  effort  is 
directed  at  sediment  and  nutrient  removal.  Prolonged  warm  weather  encourages  algal 
growth.  Algal  blooms  are  most  likely  to  occur  in  areas  of  the  lake  adjacent  to  the  inlets, 
and  are  most  effectively  treated  by  chemical  application;  e.g.  alum,  lime,  etc.  Only 
pesticides  approved  by  Alberta  Environmental  Protection  may  be  used.  Also,  the  timing 
of  the  application  of  any  chemical  products  is  very  important. 


7.3. 1.7  Mosquito  Control 


Some  jurisdictions  have  used  chemical  sprays  or  pellets  applied  to  the  pond  surface  to 
control  mosquitoes.  In  Winnipeg,  fish  have  selectively  been  used  for  mosquito  control. 
Agitating  the  pond  surface  by  circulating  water  or  using  aeration  equipment  has  also  been 
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used  to  reduce  mosquito  populations.  Grass  cutting  may  provide  a supplementary  benefit 
by  somewhat  reducing  adult  mosquito  populations  near  a pond. 

Mosquito  problems  in  wet  ponds  are  increased  if  the  water  levels  in  the  ponds  experience 
large  fluctuations,  if  aquatic  plants  are  allowed  to  grow,  and  if  the  water  level  in  the 
ponds  does  not  drain  to  normal  levels  within  a few  hours  after  a rainfall  event.  Also, 
pond  shape  should  allow  for  adequate  water  circulation  patterns  and  wind  disturbance  in 
the  ponds. 

7.3.1.8  Aeration  and  Circulation 

Aeration  and  circulation  equipment  can  be  used  to  make  the  pond  environment  less 
conducive  to  the  production  of  algae  and  mosquitoes.  Some  researchers,  however,  have 
found  that  aeration  has  enhanced  algal  production  where  oxygen,  not  sunlight  or  nutrients, 
is  the  limiting  factor.  Aerating  the  lakes  generally  aids  the  decomposition  of  algae  and 
other  dead  biomass.  This  helps  alleviate  odour  but  is  a cure.<srather  than  a preventive 
measure.  A better  approach  is  to  prevent  excessive  growth  Qfr^lgae  by  reducing  nutrient 
inflow  by  trapping  sediment  upstream  of  the  pond  inlets.  If  tfel^^^j^owth  of  weeds  and 
algae  is  controlled,  recycling  of  nutrients  through  decomposition  is  also  reduced.  In 
addition,  oxygen  levels  will  not  be  depleted,  ai^  pdour  problems  can  be  avoided. 

A wet  pond  should  be  designed  so  that  "dead  ba^J'^i^reas  in  the  pond  are  avoided.  The 
strategic  location  of  inlets  and  outlets  may  generate  sufficient  flushing  action  to  achieve 
this  objective.  Aeration  and  circulatign  equipment  should  not  be  mandatory  in  the  design 
of  detention  facilities.  Their  value  ^ for  retrofitting  to  solve  problems  that  have  occurred, 
or  to  improve  aesthetics. 

7.3. 1.9  Signage 

Warning  signs  should  be^^osted  along  the  perimeter  of  wet  detention  facilities  to  prohibit 
activities  ^that  may  presem  a danger  to  public  health  or  possible  interference  with  the 
operation  j^the  facility.  Additional  signage  is  required  on  a seasonal  basis  in  regard  to 
unsafe  i|e  conditions  and  the  application  of  weed  control  chemicals.  Signage 
requirem^ts  fi^Warious  weed  control  applications  must  meet  regulations  as  approved  by 
Alberta  En’v^^nmental  Protection.  Posting  of  fines  for  throwing  rocks  or  other  debris  into 
the  wet  pond  is  meant  to  discourage  such  activities. 

7.3.1.10  Makeup  Water 

Makeup  water  can  also  assist  in  the  control  of  mosquitos  and  algae  if  it  is  introduced  in 
a turbulent  fashion  at  the  right  locations.  In  addition,  if  the  makeup  water  has  low 
contaminant  concentrations  it  may  assist  the  water  quality  situation  in  the  pond  and  pond 
discharge  by  dilution.  The  most  appropriate  source  for  good  quality  makeup  water  is  the 
municipal  system.  Due  to  the  high  cost  of  this  water,  it  should  be  utilized  only  for  water 
quality  control  and  not  water  level  control.  A lake  with  the  appropriate  sideslopes  and 
shoreline  treatment  will  not  show  unsightly  "mudflats"  when  the  water  falls  below  normal 
water  level.  In  most  of  Alberta,  groundwater  is  not  an  appropriate  source  of  makeup 
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water.  Generally,  groundwater  is  a scarce  resource  and  makeup  water  for  a detention 
pond  is  not  a high-priority  use. 

7.3.1.11  Winter  Activities 

Maintenance  activities  for  detention  facilities  are  reduced  and  are  of  a dramatically 
different  nature  during  the  winter.  Wet  ponds  require  the  most  maintenance  attention 
during  the  winter  months.  The  most  active  periods  are  during  freeze-up  in  early  winter 
and  during  the  spring  thaw. 

Many  stormwater  detention  ponds  are  used  for  ice-skating  during  winter.  If  the 
municipality  chooses  to  support  this  recreational  activity  for  the  community,  it  can 
become  involved  in  the  establishment  and  maintenance  of  skating  facilities.  Otherwise, 
the  municipal  authority  should  be  quite  clear  that  people  use  the  lakes  at  their  own  risk 
and  should  leave  it  to  them  to  clear  skating  areas. 

At  the  beginning  of  winter,  some  municipalities  place  i^puncements  in  the  local 
newspapers  or  on  radio  to  alert  the  residents  that  it  may  be  unsS^,,|i^  use  the  lake  surface 
during  winter.  Others  present  a firmer  posijjion,  and  indicate  by  the  placement  of 
permanent  "thin  ice"  signs  around  the  pond  tha|.  \^  of  the  lake  surface  is  at  the  public’s 
own  risk  (an  implicit  responsibility).  Considerif*^;|he  possibility  of  unsafe  ice  conditions 
elsewhere  on  the  pond’s  ice  surface  (the  area  not  l^ig  maintained  by  the  municipality), 
the  latter  policy  has  considerable  merit. 

The  selection  of  skating  areas  is  pfiipamy  determined  by  the  accessibility  of  the  sites  to 
maintenance  equipment  and  user  ffcilif^s  for  the  public.  On  some  ponds  the  entire 
surface  area  may  be  kept  free  of  snow' to  allow  skating.  On  others,  one  or  more  local 
cleared  areas  can  be  u|edi^  Where  isolated  areas  are  to  be  used,  these  should  be  located 
in  quiet  water  areas^^Jway  from  any  inlet  or  outlet  works  in  order  to  minimize  the 
possibility  of  localized  %ermal  erosion  of  the  ice.  Areas  that  have  this  problem  should 
be  barricaded,  fenced,  or  have  signs  to  signal  the  danger. 

Natural  i^e  ^ws  downward  from  the  water/ice  interface.  As  the  ice  thickness  increases, 
the  rate  ^^o^^h  decreases  (it  becomes  more  difficult  for  the  heat  in  the  warm  water  to 
escape  to  tnT^cold  atmosphere).  On  the  other  hand,  flooding  the  ice  surface  will  result 
in  the  establishment  of  an  ice  surface  more  quickly.  This  is  mainly  because  the  primary 
freezing  surface  is  in  direct  contact  with  the  colder  atmosphere.  In  either  case,  it  is 
important  to  keep  the  ice  surface  free  of  snow  during  cold  weather  as  the  insulating 
effects  of  snow  greatly  reduce  the  rate  of  ice  growth. 

An  ice  surface  is  not  safe  to  carry  a load  until  it  has  reached  a sufficient  thickness. 
Typically,  holes  are  drilled  at  several  locations  to  check  the  area  for  ice  thickness  and 
uniformity.  Drilling  is  done  frequently  until  it  is  possible  to  support  snow  clearing 
equipment.  Once  this  "load  test"  has  been  completed  there  is  no  need  for  further  flooding 
(other  than  for  ice-surface  restoration)  or  drilling  as  long  as  the  weather  remains  cold. 
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In  the  spring,  an  ice  surface  deteriorates  and  usually  floods  with  meltwater  prior  to  the 
ice  becoming  unsafe  to  walk  on.  This  condition  hopefully  discourages  use  of  the  lake 
during  the  winter/spring  transition.  As  the  spring  melt  progresses,  children  are  sometimes 
tempted  to  walk  or  bicycle  on  the  lake  surface,  when  it  is  unsafe  to  do  so.  In  the 
interests  of  public  safety,  maintenance  of  a skateable  ice  surface  should  cease  at  the 
earliest  signs  of  a warming  trend.  Frequent  site  visits  during  thawing  periods  (particularly 
after  school  and  on  weekends)  should  be  scheduled  to  discourage  activities  on  the  pond. 


7.3.1.12  Sediment  Control 


Sediment  control  is  one  of  the  most  important  activities  in  maintaining  the  water  quality 
of  a stormwater  detention  facility.  It  is  also  one  of  the  activities  that  is  the  easiest  to 
ignore  (in  the  short  term).  Stormwater  detention  facilities  will  serve  as  a sink  for  most 
materials  that  impair  water  quality;  the  facilities  will  improve  the  quality  of  the  discharge 
because  the  detention  period  will  allow  the  settling  of  suspended  material  and  parameters 
that  are  bound  to  it.  Some  parameters  may  also  be  re(^c^^  by  detention  through 
biological  activity,  volatilization,  or  die-off  However,  continued  discharge  of 
sediment  to  the  facility  will  ultimately  degrade  the  pond’s  wlt^j[^,l}uality  to  the  point 
where  it  may  be  unacceptable  to  the  public  froIp;^fiither  an  aesthetic  viewpoint  (because 
of  algal  blooms)  or  a health  viewpoint. 


Monitoring  of  certain  water  quality  parameters  is  Fi^uired  to  ensure  that  the  detention 
facility  does  not  deteriorate  beyond  acceptable  standards.  Sediment  control  is  the  best 
means  to  prevent  unacceptable  deterjoration  of  water  quality  from  occurring.  Although 
sediment  is  only  one  water  quality  ^pla^^meter  that  can  have  adverse  impacts  on  the 
environment,  it  is  the  most  easily  ob%rv^.  As  many  other  contaminants  are  associated 
with  sediment,  control  of  sediment  wiffln  effect  control  most  of  these  substances. 


In  the  post-developme4|  period,  the  first  opportunity  for  sediment  control  comes  at  the 
catchbasin  sumps.  Thesk^umps  are  used  in  many  cities  in  Alberta.  Catchbasins  can  be 
inconvenient  to  maintain  as  they  require  the  servicing  of  a large  number  of  minor 
facilities  o^jr  the  serviced  area.  Since  current  sewer  systems  are  designed  with  self- 
scouring  ^elo^ties,  it  can  be  more  convenient  to  install  a smaller  number  of  large 
sediment  Wps  ft  the  system.  These  can  be  located  near  the  inlets  to  the  storm  ponds. 
Sediment-reffival  structures  located  upstream  of  a pond  can  be  reliably  serviced  on  a 
frequent  basis  by  eductor  trucks.  Servicing  these  facilities  is  required  after  each 
significant  rainfall  event  and  during  the  spring  snowmelt  runoff  period. 


Most  stormwater  systems  convey  sediment  into  the  detention  facility.  The  City  of 
Winnipeg  indicates  that  the  sediment  accumulation  in  its  facilities  is  in  the  order  of 
2.5  mm  per  year.  Winnipeg  monitors  the  bottom  topography  of  its  lakes  every  5 years 
to  determine  the  need  for  widespread  sediment  removal.  The  original  philosophy 
regarding  sedimentation  was  that  after  a prolonged  period  of  development,  dredging  or 
draining  and  excavation  would  have  to  be  undertaken  to  restore  the  pond  bed  to  the 
originally  designed  elevation.  If  necessary,  this  would  occur  after  full  urbanization  of  the 
drainage  basin  has  occurred  and  sedimentation  had  dropped  to  negligible  rates.  After  an 
urban  watershed  has  been  fully  developed  it  was  expected  that  there  would  be  little  need 
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to  again  consider  dredging  for  many  years  (in  the  order  of  20  to  50  years).  Experience 
in  the  Prairies  to  date  indicates  that  few  ponds,  if  any,  have  required  any  sediment 
removal.  The  need  for  ongoing  sediment  control  and  removal  is  related  to  water  qualit\' 
control  and  not  to  preventing  a loss  of  storage  volume.  In  general,  an  unacceptable  le\  el 
of  water  quality  deterioration  in  the  wet  pond  discharge  may  be  a decline  in  sediment 
removal  efficiency  of  greater  than  5 percent  of  the  ponds  original  removal  efficiency. 
This  deterioration  in  TSS  removal  efficiency  can  be  used  as  a guideline  for  calculating 
the  frequency  of  sediment  removal  required  to  maintain  the  water  quality  function  of  the 
pond. 


7.3.1.13 


Harvesting  Aquatic  Plants 


Many  nuisance  problems  associated  with  wet  ponds  such  as  mosquitos  and  odour  as  well 
as  more  serious  problems  such  as  toxicity  resulting  from  the  growth  of  algae  such  as 
Anabaena  and  Anacystis  can  be  controlled  through  the  removal  of  aquatic  growth  by 
mechanical  harvesting.  ^ 

Small  mechanical  harvesters  can  be  brought  to  the  site  and  usediiq  Mrvest  aquatic  plants. 
More  common  is  the  use  of  chemicals  for  alga^,and  plant  control.  Another  alternative 
is  the  use  of  mechanical  barriers  on  the  bottom  ^ the  ponds.  This  can  be  costly  and 
presents  problems  with  some  methods  of  sedirq^  removal.  A more  practical  and  less 
costly  alternative  may  be  to  design  the  pond  witm^  greater  depth,  thus  reducing  light 
penetration  and  aquatic  growth. 


7.3.1.14 


Monitoring 


Monitoring  is  necessary  to  evaluate  wMther  there  is  a need  for  corrective  actions  to  be 
taken  to  ensure  that  the^a^ectives  for  the  protection  of  priority  resources  and  receiving 
waters  are  met.  A n^itoring  program  can  identify  the  environmental  conditions  that 
indicate  whether  succes^as  been  achieved  in  meeting  the  stormwater  control  objectives. 
By  comparing  monitoring  fesults,  improvements  can  be  incorporated  into  future  facilities. 


Under  crfei^^MP  practices,  there  has  been  little  monitoring  due  to  high  cost,  unclear 
responsibwiesl'^nd  the  requirement  for  long  term  commitment  in  order  to  measure  the 
performance*^d  compliance  level  of  the  stormwater  BMP  facilities.  Hence,  monitoring 
has  been  conducted  mostly  as  research  projects  funded  by  government  agencies.  Most 
of  the  facilities  installed  to  date  have  focused  on  maintenance  rather  than  monitoring, 
assuming  that  if  they  are  properly  maintained,  their  intended  performance  will  be 
achieved. 


It  is  unnecessary  to  monitor  all  stormwater  BMP  installations  since  over-monitoring  will 
discourage  the  installation  of  BMP  controls.  This  may  not  be  a good  resource 
commitment.  It  is  recognized  that  there  is  a need  for  monitoring,  but  this  is  necessary 
only  for  a reasonable  number  of  designs.  To  minimize  cost,  monitoring  can  be  selected 
for  unique  and  untested  sites,  highly  sensitive  locations,  or  representative  sites.  Data  from 
a reasonable  number  of  sites  can  be  extrapolated  to  similar  designs  with  occasional  spot 
sampling  using  best  professional  judgement. 
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Monitoring  practices  for  stormwater  detention  ponds  vary  widely.  Of  the  cities  who 
monitor  water  quality,  the  sampling  frequency  ranged  from  weekly  to  twice  a year.  A 
monthly  monitoring  program  would  represent  a reasonable  monitoring  practice  for  the 
first  two  years  after  the  installation  of  the  facility.  During  the  first  two  years,  the 
installer,  for  example,  the  developer  of  a new  subdivision,  would  be  responsible  to  carry 
out  a monitoring  program  to  ensure  that  the  design  selected  for  monitoring  is  functioning 
as  intended.  The  extent  of  monitoring  depends  on  site  specific  requirements  or  constraints 
such  as  receiving  water  quality,  sensitivity  of  discharge  location,  and  impact  of 
urbanization.  When  the  facility  is  proven  after  two  years,  the  maintenance  and 
monitoring  of  the  facility  will  become  the  responsibility  of  the  municipality.  At  which 
time,  once  or  twice  a year  of  sampling  is  sufficient  provided  that  the  facility  is  properly 
maintained. 

During  the  first  two  years  after  installation,  in  addition  to  monitoring  the  water  quality 
in  the  BMP,  it  is  important  to  monitor  the  effectiveness  of  the  BMP  in  removing  the 
various  pollutants.  To  accomplish  this,  the  monitoring  d^ta^ollected  during  typical 
operating  seasons,  including  winter  and  snowmelt  conditioiW^hould  be  analyzed.  If  a 
BMP  is  not  shown  to  be  operating  as  required,  corrective  measi!r^|.lhould  be  taken  and 
effectiveness  demonstrated. 

Where  a wet  pond  is  intended  to  be  a multi-qj^^facility  (i.e.  allowing  secondary  and 
tertiary  recreational  activities),  the  quality  of  water  ^%the  pond  should  compare  with  the 
Surface  Water  Quality  Objectives  established  by  Alberta  Environment  Protection.  Except 
for  a short  period  following  a runoff  event,  the  quality  of  water  in  a pond  should  be 
expected  to  meet  these  objective.  Where  concentrations  exceed  these  objectives 
significantly,  particularly  coliform  c4^nt|^the  source  of  such  contaminant  loads  should 
be  found  and  eliminated.  Typical  polfulant  parameters  for  monitoring  stormwater  BMP 
facility  performance  m^4nclude: 

• total  suspended  ^i^ids  (TSS) 

• biochemical  oxygeS  demand  (BOD) 

• disliked  oxygen  (DO) 

• b^terl^ 

• to^  chftnicals  (such  as  lead,  zinc,  copper,  mercury,  etc.) 

• nutrieftfs  (such  as  total  phosphorus,  total  kjedahl  nitrogen,  nitrite,  nitrate,  etc.) 

As  it  is  inevitable  that  the  public  will  have  some  contact  with  the  water,  monitoring  of 
bacteria  is  important  to  determine  the  risk  to  public  health.  Control  of  BOD  and 
dissolved  oxygen  levels  ensures  that  the  water  body  remains  aerobic  and  lessens  the 
likelihood  of  odour  problems.  Turbidity,  colour  and  odour  all  relate  to  aesthetic 
considerations  which  may  or  may  not  be  a problem  depending  on  the  user’s  needs  and 
the  location  of  the  BMP.  Monitoring  nutrients  can  aid  in  predicting  nuisance  problems 
associated  with  algal  blooms,  which  also  present  aesthetic  concerns.  The  frequency  of 
monitoring  of  toxic  chemicals  should  be  determined  on  a site  specific  basis.  For  example, 
quarterly  monitoring  is  appropriate  for  ponds. 
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Stocking  a pond  with  fish  may  be  desirable  from  a recreational  perspective,  it  is  not 
desirable  from  a public  health  perspective.  The  contaminants  (chemical  and  biological) 
present  in  stormwater  are  likely  to  accumulate  in  the  fish  flesh  and  can  be  transmitted  to 
humans.  Where  stormwater  ponds  are  stocked,  both  fishing  and  the  consumption  of  fish 
should  be  forbidden,  and  fish  monitored  quarterly  for  toxic  chemicals  each  year. 

Year-round  monitoring  of  the  hydraulic  properties  of  infiltration  BMP’s  will  provide  an 
opportunity  to  monitor  the  quality  of  exfiltrated  water,  and  hence  the  potential  for 
groundwater  contamination.  Monthly  measurements  of  groundwater  quality  may  be 
carried  out  to  provide  sufficient  detail  on  the  effect  of  infiltration  BMP’s  on  groundwater 
quality.  Continuous  monitoring  of  percolation  can  be  conducted  to  determine  the 
effectiveness  of  infiltration  BMP’s  under  ffeeze/thaw  conditions  in  the  soil.  In  this  case, 
continuous  monitoring  may  be  necessary  so  that  the  BMP  effectiveness  during  the  spring 
freshet,  and  the  variation  in  effectiveness  with  season,  can  be  determined. 

Continuous  water  quantity  and  quality  monitoring  for  surfat^e  jtorage  BMP’s  in  the  first 
two  years  of  installation  could  be  carried  out  at  the  inlets  an#%tlets,of  the  BMP  facility. 
In  most  cases,  this  will  result  in  two  monitoring  locations. 

7.3.1.15  Inspections 

Inspection  programs  of  wet  ponds  should  include,  minimum,  the  following  points: 

• Is  the  pond  level  higher  thapj,,|he  normal  permanent  pool  elevation  more  than  24 
hours  after  a storm?  (Thl^  .ceiiild  indicate  blockage  of  the  outlet  by  trash  or 
sediment.  Visually  inspect  tl^  outlet  structure  for  debris  or  blockage.) 

• Is  the  pond  levqls^pwer  than  the  normal  permanent  pool  elevation?  (This  could 
indicate  a bloOl^ge  of  the  inlet.  Visually  inspect  the  inlet  structure  for  debris  of 
blockage.) 

• Is  ^ vegetation  around  the  pond  dead?  Is  the  pond  all  open  water  (no  bulrushes 
of  ve^tation  in  the  water)?  Are  there  areas  around  the  pond  with  easy  access  to 
o^^^^^|t•er?  (This  will  indicate  a need  to  revegetate  the  pond.) 

• Is  there  an  oily  sheen  on  the  water  near  the  inlet  or  outlet?  Is  the  water  frothy? 
Is  there  an  unusual  colouring  to  the  water?  (This  will  indicate  the  occurrence  of 
an  oil  or  industrial  spill  and  the  need  for  cleanup.) 

• Check  the  sediment  depth  in  pond.  (This  will  indicate  the  need  for  sediment 
removal.  The  sediment  depth  can  be  checked  using  a graduated  pole  with  a flat 
plate  attached  to  the  bottom.  A marker  (pole,  buoy)  should  be  placed  in  the  pond 
to  indicate  the  spot(s)  where  a measurement  should  be  made.  A visual  inspection 
on  the  pond  depth  can  also  be  made  if  the  pond  is  shallow  and  a gradated  marker 
is  located  in  the  pond.) 
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7.3.2  Wetlands 


A proper  mixture  of  plants  must  be  grown  to  maintain  the  efficiency  and  the  functions 
that  wetlands  provide.  The  lifecycle  of  plants  and  vegetation,  sediment  buildup,  and 
impact  of  seasonal  climate  and  weather  would  dictate  the  schedule  of  maintenance. 

7.3.2. 1 Water  Level  Controls 

The  maintenance  of  wetlands  is  carried  out,  to  a large  degree,  by  the  control  of  water 
levels.  The  growth  of  plant  and  tree  species  that  are  unwanted  in  the  wetland  can  be 
accomplished  by  prolonged  flooding  of  the  wetland.  Species  such  as  cattails  can  be 
reduced  by  prolonged  flooding.  Trees,  shrubs,  emergents,  and  aquatic  plants  can  be 
controlled  by  the  periodicity  and  length  of  the  flooding. 

7.3.2.2  Sediments 

The  rate  of  accumulation  of  sediments  in  a wetland  is  a fiinftipn  of  the  land  use  within 
the  watershed  tributary  to  the  wetland.  Areas  undergoing  de^Q^fnent  may  subject  a 
wetland  to  extremes  in  sediment  loading  if  con^$fuction-site  controls  are  not  adhered  to. 
Established  urban  areas  may  contribute  small  sediment  more  through  aerial 

deposition  and  road  runoff.  Street-cleaning  pa^|ices  in  the  watershed  can  affect  the 
amount  of  sediment  load  to  a watershed. 

Design  of  an  urban  stormwater  wetl^ijE^i^  may  incorporate  an  upstream  catchbasin  to  collect 
sediments  prior  to  discharge  to  the^'w^land.  Maintenance  of  catchbasins  should  include 
removal  of  these  sediments  on  a pe^djl'^basis.  The  frequency  of  sediment  removal  is 
dependent  on  the  nature  of  the  upstream  development  and  generation  of  sediments. 

7.3.2.3  Harvesting  Organic  Material 

Nutrient  fadings  to  an  urfean  wetland  may  promote  the  growth  of  excessive  vegetation. 
The  accumulation  of  organic  material  from  this  growth  in  the  wetland  can  limit  the 
assimilate  os^acity  of  the  wetland.  Harvesting  of  the  leaves  and  stems  of  plants  may 
limit  the^uil^rf)  of  organic  material.  The  frequency  of  harvesting  depends  on  the 
nutrient  loa3ing  and  the  rate  of  plant  growth. 

7.3.3  Dry  Ponds 

Dry  ponds  are  often  used  for  dual  purposes.  If  properly  designed,  dry  ponds  can  be  used 
as  recreational  amenities  such  as  baseball  fields  in  the  summer  and  skating  rinks  in  the 
winter.  Maintenance  of  a dry  pond  for  its  stormwater  control  function  is  very  minimal 
and  usually  involves  grass  cutting,  debris  removal,  and  inspections.  Sediment  control  may 
also  be  an  issue  depending  on  the  design  of  the  facility. 
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7.3.3.1 


Grass  Cutting 


Grass  cutting  should  be  done,  at  a minimum,  twice  per  year.  The  frequency  of  grass 
cutting  will  depend  on  the  municipal  requirements  for  weed  control  and  the  designed  dual 
usage,  if  any,  of  the  dry  pond. 

For  some  dry  ponds,  aesthetics  have  not  been  a high  priority  during  their  design.  Grass 
cutting  has  frequently  been  ignored  for  these  facilities  either  intentionally  or  due  to  wet 
conditions  caused  by  poor  drainage  across  the  pond  bed.  This  type  of  pond  should  not 
be  located  near  residential  areas  as  it  can  become  an  eyesore.  Fencing  to  preclude  access 
should  be  avoided  (safety  should  be  incorporated  into  the  design  even  if  aesthetics  are 
not). 


7.3.3.2  Weed  control 

Weed  control  is  carried  out  to  meet  municipal  requirements^^^^is  can  be  accomplished 
through  grass  cutting  or  the  application  of  chemicals.  €he|nical  usage  may  affect 
downstream  water  quality.  Posting  of  chemical  usage  must  b^^fced  out  to  meet  the 
requirements  of  the  municipality  and  Alberta  Environmental  Protection. 

7.3.3.3  Debris  Removal  and  Vandalism 

Debris  removal  and  inspection  of  the  inlet  and  outlet  controls  should  be  carried  out  at 
least  twice  a year,  in  the  spring  an^^ftll.  Debris  removal  can  also  be  carried  out  during 
grass  cutting  and  regular  inspecti€i^f%If  the  dry  pond  is  used  for  a dual  recreation 
purpose  it  can  be  expected  that  s%i^!haintenance  may  be  required  as  a result  of 
vandalism.  Vandalism  can  be  a problem  involving  signs,  landscaping,  and  the  grating  on 
the  inlet  pipe. 

7.3.3.4  Signage 

Signs  pos^g  the  proper  use  of  the  dry  pond  as  a recreational  facility  should  be  posted. 
Fines  re^rdih^  the  improper  use  of  the  dry  pond  should  also  be  posted  to  reduce  any 
activities^^t  present  a danger  to  public  safety  or  reduce  the  effectiveness  of  the  dry 
pond  as  an  urban  stormwater  control  facility. 

7.3.3.5  Inspections 

• Is  there  standing  water  in  the  pond  more  than  24  hours  after  a storm?  (This  could 
indicate  blockage  of  the  outlet  by  trash  or  sediment.  Visually  inspect  the  outlet 
structure  for  debris  or  blockage.) 

• Is  the  pond  always  dry,  or  relatively  dry  within  24  hours  of  a storm?  (This  could 
indicate  a blockage  of  the  inlet  or  a water  quality/erosion  control  outlet  that’s  too 
large.  Visually  inspect  the  inlet  structure  for  debris  or  blockage.) 
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Is  the  vegetation  around  the  pond  dead?  Are  there  areas  around  the  pond  with 
easy  access  to  open  water?  (This  will  indicate  a need  to  revegetate  the  pond.) 

Is  there  a visible  accumulation  of  sediment  in  the  bottom  of  the  pond  or  around 
the  high  waterline  of  the  pond?  (This  will  indicate  the  need  for  sediment 
removal.) 


7.4  Operation  and  Maintenance  of  Infiltration  Facilities 


Developed  urban  areas  often  have  less  groundwater  recharge  because  of  increases  in 
impermeable  ground  cover.  The  implementation  of  infiltration  facilities  for  the  control 
of  stormwater  can  increase  the  recharge  potential  in  a catchment  area,  decrease  overland 
runoff  during  storm  events,  and  maintain  baseflows  in  adjacent  streams  during  dry 
weather  periods.  Potential  groundwater  contamination  must  be  a consideration  when 
recharging  groundwater  resources  through  stormwater  infiltration  facilities. 


7.4.1  Infiltration  Basins 


A common  problem  with  infiltration  basins  is  th^^buildup  of  sediments  and  debris  during 
a long  dry  weather  period  and  after  rainfall  ev^t|,# 


7.4.1.1 


Sedimentation 


Excess  sedimentation  in  infiltration^J^asins  will  reduce  the  infiltration  potential  of  the 
basin.  Particular  problems  with  la#g%JEoounts  of  sediment  and  oils  from  road  surfaces 
and  parking  lots  have  been  recognize^  Mitntenance  of  the  infiltration  basin  must  include 
sediment  removal.  Vacuum  trucks  can  be  used  to  remove  the  accumulated  sediments 
without  damaging  the  ^ftom  of  the  basin.  Drop  inlets  or  sedimentation  boxes  can 
effectively  remove  sediment  prior  to  the  basin  and  reduce  maintenance. 

Many  options  are  available  for  maintaining  the  infiltration  potential  of  the  basin.  These 
methods  iri^de  tilling,  which  has  been  shown  to  have  very  little  potential.  Diffusion 
wells  hav|  be^  shown  to  increase  the  infiltration  potential  of  the  basin.  It  is  suggested 
that  the  p^itiaf^of  deep-rooted  legumes  in  an  infiltration  basin  may  be  beneficial  in 
maintaining^e  porosity,  and  hence,  infiltration  potential  in  a soil. 


7.4.1.2  Inspections 

• Is  there  standing  water  in  the  basin  more  than  24  hours  after  a storm?  (This  will 
indicate  a decrease  in  the  permeability  of  the  underlying  soils  and,  depending  on 
the  depth  of  water  in  the  pond  after  24  hours,  the  need  for  maintenance:  sediment 
removal  and  roto-tilling  of  soils.  If  there  is  greater  than  one-third  the  design 
depth  of  water  in  the  pond  48  hours  after  a storm,  the  basin  needs  to  be 
maintained.) 
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Is  the  pond  always  dry,  or  relatively  dry  within  24  hours  of  a storm?  (This  could 
indicate  a blockage  of  the  inlet.  Visually  inspect  the  inlet  structure  for  debris  or 
blockage.) 

Is  there  a visible  accumulation  of  sediment  in  the  bottom  of  the  pond  or  around 
the  high  waterline  of  the  pond?  (This  will  indicate  the  need  for  sediment 
removal.) 


7.4.2  Infiltration  Trench 

Infiltration  trenches  are  normally  constructed  with  a sand  filter  layer  covered  with  a layer 
of  gravel.  Filter  cloths  may  also  be  used  to  protect  the  gravel  or  stone  from  clogging. 
Pretreatment  is  provided,  if  required  by  sedimentation  inlet  controls. 


Most  maintenance  efforts  for  infiltration  trenches  involve  removal  of  sediment  from  inlet 
control  devices.  If  sediment  controls  are  not  provided  the^ip^ltration  potential  of  the 
trench  will  be  significantly  reduced.  Maintenance  of  the  in^fcation,  trench  at  this  point 
usually  involves  reconstruction  of  the  trench. 


7.4.2.1 


Inspections 


Is  the  trench  draining?  Inspect  the  depth  of  ^ater  in  the  observation  well.  If  the 
trench  has  not  drained  in  24  hours,  the  inlet  and  pretreatment  SWMPs  should  be 
cleaned  (that  is,  oil/grit  sepa^^pr,  catchbasins,  or  grassed  swales).  If  the  trench 
has  not  drained  within  4€  .^urs  it  may  need  to  be  partially  or  wholly 
reconstructed  to  maintain  its  fcrfiftnance. 


Is  the  trench  always,  dry,  or  relatively  dry  within  24  hours  of  a storm?  (This  could 
indicate  a block|^e  of  the  inlet.  Visually  inspect  the  inlet  structure  for  debris  or 
blockage.) 


7.4.3  Filter  Stri^ 

Filter  strip^re^^egetated  areas  over  which  diffused  stormwater  flows  are  directed  by  a 
level  spreader.'  Filter  strips  are  usually  designed  for  very  small  areas  of  runoff  The 
objective  of  the  filter  strip  is  to  slow  down  the  surface  flow,  allowing  infiltration  and 
sediment  removal.  Sediment  can  be  removed  from  the  upstream  end  of  the  filter  strip 
using  conventional  small  grading  equipment  such  as  Bobcats.  Maintenance  activities  for 
filter  strips  also  involve  maintaining  the  vegetated  cover. 


7.4.3.1  Inspection 

The  following  is  a list  of  items  that  should  be  inspected: 

• Are  there  areas  of  dead  or  no  vegetation  downstream  of  the  level  spreader?  (This 
will  indicate  the  need  to  revegetate  the  filter  strip.) 
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Are  there  indications  of  rill  erosion  downstream  of  the  level  spreader?  (This  will 
indicate  the  need  to  revegetate  the  filter  strip.  The  rill  erosion  may  be  caused  by 
a nonuniform  spreader  height.  The  spreader  should  be  checked  near  the  erosion 
areas  to  determine  if  it  is  in  need  of  repair.) 

Is  there  erosion  of  the  level  spreader?  (The  spreader  should  be  reconstructed  in 
areas  where  the  spreader  height  is  non  uniform.) 

Is  there  standing  water  upstream  of  the  level  spreader?  (This  will  indicate  that  the 
level  spreader  is  blocked.  The  level  spreader  should  be  checked  for  trash,  debris, 
or  sedimentation.  The  blockage  should  be  removed  and  the  spreader 
reconstructed,  if  necessary.) 


7.4.4  Buffer  Strips 

Buffer  strips  are  vegetated  areas  placed  adjacent  to  a rece^^ipg  water  body.  They  are 
sometimes  heavily  vegetated.  No  direct  engineered  controlrl|e  usually  used  to  protect 
the  buffer  strip  from  sediment  loads.  Sediments  normally  accui^j^ie  in  the  buffer  strip 
and  vegetation  is  allowed  to  grow  unchecked  tl^ough  the  buildup  of  soil. 

Maintenance  of  the  buffer  strip  includes  revegeta&n  of  any  areas  where  vegetation  fails 
to  establish  itself 


7.4.4. 1 


Inspection 


A scheduled  field  inspection  should  conducted  to  determine  if  there  are  areas  of  dead 
vegetation  along  the  buffer  strip.  This  will  indicate  the  need  to  revegetate  the  buffer  strip. 


7.4.5  Sand  Filters 

\ 

Sand  filters  are  constructed  as  surface  filters  or  subsurface  end-of-pipe  systems.  Surface 
sand  filtei^l^an  be  vegetated.  Maintenance  of  surface  sand  filters  that  do  not  have  a 
vegetativ#  c^^r  includes  periodic  raking  to  reduce  surface  compaction  and  clogging  to 
increase  il^iltra^n  potential.  Raking  also  removes  debris  from  the  filter.  If  pretreatment 
of  sediments  provided  though  an  inlet  sedimentation  device,  sediment  removal  will  be 
required  to  maintain  the  inlet  control. 


7.4.5.1  Inspections 


The  items  requiring  field  inspections  are  listed  as  follows: 

• Are  there  areas  of  dead  vegetation  in  a grass-surfaced  sand  filter?  (This  will 
indicate  the  need  to  revegetate  the  filter  surface.) 

• Is  there  standing  water  in  the  filter  more  than  24  hours  after  a storm?  (This  will 
indicate  a blockage  in  the  filter,  possibly  in  the  perforated-pipe  collection  system 
or  sedimentation  on  the  surface  or  in  the  sand  layer.  The  outlet  collection  system 
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should  be  inspected  for  blockage.  If  there  is  water  in  the  filter  48  hours  after  a 
storm,  sediment  removal  should  be  undertaken.  If  sediment  removal  does  not 
improve  the  performance  (drainage)  of  the  filter,  the  filter  may  need  to  be 
reconstructed.) 


Is  the  filter  always  dry?  (This  could  indicate  a blockage  of  the  inlet.  Visually 
inspect  the  inlet  structure  for  debris  or  blockage.) 


Is  there  a visible  accumulation  of  sediment  in  a grass-surfaced  sand  filter?  (This 
will  indicate  the  need  for  sediment  removal.) 


7.4.6  Oil/Grit  Separators 

Oil/grit  separators  are  normally  one  of  two  types:  manhole  or  tanks.  Manhole  oil/grit 
separators  can  be  cleaned  out  using  a vacuum  truck.  Operation  of  a manhole  oil/grit 
separator  should  include  control  of  any  overflow  devices  di^cted  toward  to  the  sanitary 
sewer  by  closing  overflow  valves.  Cleaning  of  manhole  sepi^prs  is  usually  carried  out 
once  per  year  or  after  any  known  spills  have  occurred. 

Tank-sized  oil/grit  separators  are  difficult  to  ma^t^  and  are,  therefore,  prohibitive  from 
a maintenance  and  operation  standpoint.  ManuaP^aning  with  shovels  is  often  required. 
Cleaning  frequencies  are  higher  (three  to  four  times"‘^er  year  and  after  any  known  spills) 
and  add  to  the  maintenance  difficulties  and  high  operation  costs. 


eparator/catchbasin?  (A  visual  inspection  of  the  contents 
m the  surface  for  trash/debris  and/or  the  presence  of  an 
oil/industrial  spill.  An  oily  sheen,  or  frothing  or  unusual  colouring  to  the  water 
will  indicate  the  occurrence  of  an  oil  or  industrial  spill.  The  separator/catchbasin 
should  be  cleaned  in  the  event  of  spill  contamination.) 


7.4.7  Soak-away  Pits 

Soak-away  pits  are  normally  used  only  for  infiltration  of  relatively  clean  stormwater  from 
areas  such  as  rooftops.  This  reduces  clogging  and  maintenance  requirements. 

Soak-away  pits  can  generally  be  left  without  any  maintenance  unless  significant  overflows 
occur  during  average  rainfall  events.  Otherwise  the  filter  should  be  cleaned  once  a year, 
preferably  after  the  leaves  have  fallen  off  the  trees  in  the  late  fall. 


7.4.6. 1 Inspection 


The  following  should  be  inspected: 


Is  there  sedimedi  in  the  separator/catchbasin?  (The  level  of  sediment  should  be 
measured  using  l^adated  pole  with  a flat  plate  attached  to  the  bottom.  The  pole 
should  be  gradatedsuch  that  the  true  bottom  of  the  separator/catchbasin  compared 
to  ^ cover/grate  is  marked  for  comparison.) 
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7.4.7.1 


Inspection 


The  soak-away  pits  should  be  inspected  to  determine  if  there  are  frequent  overflows  to 
the  surface  during  small  storm  events.  Frequent  overflows  will  indicate  that  the 
roofleader  filter  has  clogged  or  the  soak-away  storage  media  has  become  clogged.  The 
filter  should  be  checked  for  an  accumulation  of  leaves  and  twigs.  If  the  filter  is  clean, 
the  pit  may  need  to  be  reconstructed  to  maintain  its  performance. 


7.4.8  Perforated  Pipes 


Perforated-pipe  systems  cannot  be  maintained  as  most  conventional  stormwater  control 
facilities.  If  the  perforated-pipe  system  fails  the  only  recourse  available  is  usually  to 
reconstruct  the  pipe  system.  It  is,  therefore,  very  important  to  provide  upstream  sediment 
control  facilities  and  to  maintain  those  facilities  as  required  to  decrease  the  potential  for 
plugging  of  the  perforated  pipe  system.  Other  normal  municipal  maintenance  activities 
such  as  street  sweeping  will  also  reduce  the  potential  for -^gigging  of  perforated-pipe 
systems. 


Catchbasin  cleaning  and  regular  maintenance  of^^l/grit  separators  may  also  increase  the 
life  span  of  perforated-pipe  systems.  1 ^ 


Although  the  effectiveness  of  perforated-pipe  flushing  has  not  been  studied  to  any 
significant  degree  there  are  three  methods  that  have  been  used  by  various  municipalities. 
These  include: 


Flushing:  Most  municipalitiel^ar^Tamiliar  with  sewer  flushing.  Sewer  flushing 
is  generally  undertaken  to  clean  but  material  that  has  been  deposited  in  the  pipe. 
It  is  anticipated  tfe^  clogging  will  occur  at  the  interface  of  the  perforated  pipe  and 
the  surrounding^ackfill/storage  if  the  pipe  is  not  wrapped  in  filter  cloth  and  at  the 
interface  of  the  p%e  and  the  filter  material  if  the  pipe  is  wrapped  in  filter  cloth. 
If  flogging  occurs  at  the  interface  of  the  pipe  and  the  filter  material,  sewer 
flushycig  may  not  prevent  clogging  in  these  systems. 


Ra'^1  ^^shing:  Radial  washing  is  similar  in  operation  to  flushing.  The 

perforated  pipe  must  be  connected  between  manholes  and  the  downstream  end 
plugged  or  capped.  A water  hose  is  connected  to  the  upstream  end  of  the 
perforated  pipe  and  water  is  introduced  from  the  surface  into  the  hose.  The 
perforated  pipe  is  essentially  pressurized  forcing  water  out  through  the  perforations 
and  hence,  cleaning  plugged  perforations.  Radial  washing  can  be  performed  after 
flushing  if  there  is  considerable  sediment  deposition  in  the  pipe  itself 


Jet  Flushing:  Jet  flushing  is  frequently  used  in  leachate  collection  systems  for 
landfills  to  clean  the  perforated  collection  pipes.  A pressurized  hose  is  attached 
to  an  end  nozzle  that  discharges  water  in  various  directions  to  clean  the  pipe.  The 
pressure  in  the  pipe  on  the  end  nozzle  also  directs  the  hose  further  along  the  pipe 
(self-directing).  There  are  various  nozzle  designs  available,  and  one  that  directs 
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water  radially  into  the  perforations  would  be  appropriate  for  perforated  storm 
sewer  applications. 

7.4.8.1  Inspections 

The  following  inspections  should  be  conducted: 

• Are  the  pretreatment  SWMPs  operating  properly?  Pretreatment  SWMPs  should 
be  inspected  (see  oil/grit  separators,  grassed  swales). 

• Is  the  perforated  pipe  operating  properly?  The  connection  to  the  perforated  pipe 
(that  is,  manhole/catchbasin)  should  be  visually  inspected  for  standing  water 
24  hours  after  a storm.  Standing  water  will  indicate  the  need  for  maintenance  of 
the  perforated-pipe  system  (flushing,  jet  washing). 


7.4.9  Pervious  Catchbasins 

Pervious  catchbasins  normally  discharge  to  an  infiltration  trencli%Jb  surrounding  soils. 
The  pervious  catchbasin  acts  as  a sediment  trap^and  must  be  frequently  cleaned  out  to 
protect  the  discharge  area  from  clogging,  ^^^ious  catchbasins  are  the  primary 
stormwater  interceptor  and  as  such  are  subjecfe^^high  sediment  loads  and  potentially 
clogging  oils.  The  long-term  infiltration  potential  is^%pendent  on  the  quality  of  upstream 
flow.  Clogged  pervious  catchbasins  normally  require  reconstruction. 


7.4.7.1 


Inspections 


The  following  inspections  should  be  conducted  for  pervious  catchbasins: 

• Is  sediment  colilcting  in  the  catchbasin?  The  level  of  sediment  in  the  catchbasin 
sump  should  be  j^asured  using  a gradated  pole  with  a flat  plate  attached  to  the 
bonom.  The  pole  Siould  be  graduated  such  that  the  true  bottom  of  the  catchbasin 
contored  to  the  grate  is  marked  for  comparison. 


Is'^ereJbil  in  the  catchbasin?  A visual  inspection  of  the  catchbasin  contents 
should' be  made  from  the  surface  for  trash/debris  and/or  the  presence  of  an 
oil/industrial  spill.  An  oily  sheen,  or  frothing  or  unusual  colouring  to  the  water 
will  indicate  the  occurrence  of  an  oil  or  industrial  spill.  The  separator/catchbasin 
should  be  cleaned  in  the  event  of  spill  contamination. 


• Is  the  catchbasin  infiltration  system  operating  properly?  The  catchbasin  should 
be  visually  inspected  for  standing  water  near  the  invert  of  the  regular  storm  sewer 
24  hours  after  a storm. 

7.4.10  Grassed  Swales 


Grassed  swales  convey  stormwater  to  other  management  facilities  or  to  receiving  streams. 
The  swales  however  are  designed  to  infiltrate  a significant  component  of  the  stormwater 
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flow  prior  to  final  discharge  from  the  swale.  Maintenance  includes  debris  removal  and 
sediment  removal  to  ensure  the  infiltration  effectiveness  and  capacity  of  the  swale.  The 
vegetative  cover  in  the  swale  is  also  important  to  reduce  flow  velocities,  reduce  soil 
compaction  (which  in  turn  reduces  rates  of  infiltration),  and  reduce  erosion.  Maintenance 
of  grassed  swales  should  include  revegetation  of  any  denuded  areas. 

7.4.10.1  Inspections 

The  following  inspections  should  be  conducted: 


7.5  Capital  and  Operating  Costs  of  Stormwater  BMP’s 

Capital  costs  and  operating  costs ^%f::Sti|rm water  BMP’s  are  difficult  to  estimate  from 
reported  construction  and  maintenaifee  Activities  in  other  locations.  Most  BMP’s  have 
very  site-specific  requirements  that  are  a function  of  the  stormwater  quality,  the  local 
conditions  and  design  electives,  as  well  as  environmental  considerations,  land  uses,  and 
public  preferences.  A^o,  costs  vary  from  one  location  to  another  as  a function  of  the 
local  economies.  Capiti^and  operating  costs  of  any  particular  BMP  can  be  expected  to 
have  a gi^at  deal  of  variafolity. 

Despite  Ifii^^ariability,  the  experience  of  other  municipalities  in  constructing  and 
maintain!^  st|hnwater  BMP’s  can  be  useful  to  designers  in  their  efforts  to  select 
appropriate  sformwater  BMP’s  and  arrive  at  estimates  for  construction  and  maintenance 
at  a planning  or  feasibility  level.  At  a design  stage,  it  is  necessary  to  examine  unit  costs 
on  a site-by-site  basis  for  each  selected  BMP. 

7.5.1  Cost  Components 

The  total  cost  of  implementing  a stormwater  BMP  includes  a number  components 
including  costs  for  administration,  planning  and  design,  land  acquisition,  site  preparation, 
site  development,  and  operation  and  maintenance. 

Capital  costs:  The  total  cost  including  labour  and  materials  associated  with  the  actual 
onsite  construction  of  the  BMP  facility. 


Is  there  standing  water  in  an  enhanced  grass  swale?  This  will  indicate  a blocked 
check  dam  or  decrease  in  the  permeability  of  the  swale.  The  check  dam  should 
be  inspected  for  blockage  by  trash/debris  or  sediment. 


Is  the  grass/vegetation  dead?  This  will  indicate  the  need  to  revegetate  the  swale. 


Is  there  erosion  downstream  of  the  swale?  This  may  : frequent  overtopping 

of  the  swale,  and  as  such,  blockage  of  the  dam  or  c i swale  permeability. 

The  dam  should  be  inspected  for  blockage  and  the  erosion  corrected  by  sodding. 
There  may  be  a need  to  provide  further  %r^^ion  control  (riprap,  plant  stakings)  to 
prevent  the  reoccurrence  of  erosion.  ^ 
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Engineering  costs:  The  total  cost  including  labour  and  expenses  for  the  planning  and 
final  design  of  the  BMP.  Engineering  costs  are  normally  estimated  at  10  percent  of  the 
total  capital  cost. 

Operation  and  maintenance  costs:  The  total  labour  and  expense  cost  associated  with 
operating  and  maintaining  the  BMP  at  an  acceptable  level  of  performance. 

Contingency  costs:  The  cost  associated  with  unforseen  construction  elements  that  are 
required  over  the  construction  period.  Contingency  costs  are  normally  estimated  at  15 
percent  of  the  total  capital  cost. 

7.5.2  Source  Control  Costs 


The  costs  associated  with  the  implementation  of  source  BMP’s  will  vary  from 
municipality  to  municipality  and  from  site  to  site.  The  implementation  costs  experienced 
by  various  municipalities  can,  however,  provide  a basis  .|br  ^planning  and  evaluating 
stormwater  BMP’s. 

■\j 

Street  sweeping  can  be  a relatively  labour-intensive  and  capital-intensive  management 
practice.  Street-sweeping  costs  are  a function  t^ie  frequency  of  sweeping  required  for 
street  surfaces,  the  equipment  required,  dispos^^osts,  and  operation  and  maintenance. 
The  optimum  sweeping  frequency  for  any  pai%ular  street  is  dependent  on  the 
surrounding  land  use  but  is  usually,  at  a minimum,  in  the  spring  and  fall.  Sweeping 
frequency  can  be  increased  to  as  much  as  once  per  day  for  commercial  core  areas. 
Capital  equipment  costs  vary  becai^e '^h  municipality  has  specific  requirements  but  are 
generally  in  the  range  of  $65,000  f ^S0,000  (1991  US  Dollars)  (SEWRPC,  1991). 
Operation  and  maintenance  costs  are  dependent  on  the  frequency  of  street-sweeping.  Unit 
costs  associated  with  various  street-sweeping  programs  are  reported  in  Table  7-1. 
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Tabic  7-1 

Reported  Unit  Costs  for  Street  Sweeping  Programs 


00 


Catchbasin  cleaning  is  carried  out  generally  once  per  year  or  once  every  2 years.  The 
required  frequency  is  a function  of  the  surrounding  land  use  and  drainage  characteristics 
within  a given  catchment  area.  The  basins  are  cleaned  manually  or  vacuumed  using  a 
vacuum  truck  or  attachment  for  a vacuum  street  sweeper.  The  reported  cost  for  manually 
cleaning  a catchbasin  is  between  $5  and  $15  in  1984. 

Anti-litter  regulation  costs  are  associated  with  the  initial  drafting  of  an  anti-litter  bylaw 
that  can  be  used  to  enforce  pet-owner  responsibilities  for  their  animals  and  actual 
enforcement  of  the  bylaw.  These  costs  vary  considerably  as  a function  of  the  size  of  the 
municipality  and  available  resources. 

7.5.3  Costs  of  Implementation 

There  is  a lack  of  data  for  BMP  capital  costs.  Information  that  is  available  is  generally 
in  the  form  of  unit  costs  associated  with  different  types  of  construction  activities  and 
materials.  Typical  unit  costs  applicable  to  Alberta  are  pr^eqted  in  Table  7-2.  These 
general  unit  costs  can  be  used  as  a guideline  when  preliminaf^.  costs  are  required  for  the 
evaluation  of  BMP’s.  To  determine  an  approximate  capital  col^. jjlimate  the  quantities 
of  each  of  the  capital  cost  items  and  apply  the  uni|  cost  (capital  cost  is  the  product  of  the 
unit  price  and  the  required  quantity).  . ... 


Table  7-2  % 

Typical  Unit  Costs  for  Capital  Construction  (1996) 

Type  of  Construction  or  Material  «• 

Unit 

Price 

Excavation  (offsite  disposal)  s '• 

m^ 

SIO 

Earthwork  (cut  and  fill  onsite) 

m'' 

S3 

Erosion  block/stone  . f 

m' 

S50 

Concrete  Outlet  Structure 

each 

S5.500 

% 

Concrete  Outlet  Pipe  ((^00  mm/600  mm/900  mm 

m 

S70/S170/S300 

Observation  Well  ( lO^iffftl^PVC) 

each 

$15 

Riprap  (450  mm) 

m‘ 

S50 

Perforated  Pipe  ( 1 00  mm,  plastic) 

m 

$10 

Perforated  Riser  Outlet  Pipe  (300  mm.  plastic) 

m 

$90 

Perforated  Riser  Outlet  Trash  Rack  (400  CMP) 

m 

$100 

Temporary  Fencing  (post  and  wire) 

m 

$15 

Concrete  (poured) 

m^ 

$600 

Trash  Rack  (metal) 

m’ 

$100 

Inverted  Elbow  Pipe 

each 

$300 

Outlet  Gate  Valves  (300  mm/600  mm) 

each 

$l,200/$4.800 

Outlet  Sluice  Gates  (300  mm/600  mm/900  mm) 

each 

$5.500/$8,000/$l  1.500 

Clear  Stone  (gravel.  25  mm  - 50  mm) 

m 

$35 
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Table  7-2 

Typical  Unit  Costs  for  Capital  Construction  (1996) 

Type  of  Construction  or  Material 

Unit 

Price 

Filter  cloth 

m’ 

SI 

Filter  Material  (sand) 

m^ 

S15 

Structures 

each 

SSO.OOO/facility 

Monitoring  Equipment 

each 

S20,000/facility 

Sub-drainage  System 

ha 

S25.000 

Irrigation  System 

m* 

S2 

Geomembrane  Liner 

m- 

SIO  (dependent  upon  soil  conditions 

Seed  and  Topsoil 

m- 

S2.50 

Grass  Sod  and  Topsoil 

m* 

$4.50 

Emergent  and  Submergent  Fringe  Vegetation 

m* 

S12 

Shoreline  Fringe  and  Flood  Fringe  Vegetation 

m’ 

S12 

Upland  Vegetation 

m' 

S5 

Trees  (Wooded  Filter  Strips) 

nv 

S25 

Information  available  in  Alberta  for  total  capital  costs  for  BMP’s  is  limited  to  wet/dry 
retention  ponds.  Typical  costs  in  GH'|a|y  for  a dry  pond  range  from  $5,000  to  in  excess 
of  $25,000  per  ha  of  catchment.  For§xa|aple  a pond  for  a 100-ha  catchment  could  range 
in  cost  from  $0.5  million  to  $2.5  mi!#dn.  Wet  ponds  will  be  in  the  same  price  range 
except  that  additional  cpsts  for  erosion  protection  within  the  pond  would  need  to  be 
allowed  for.  These  c.Q|b  clo  not  include  land  costs,  acreage  assessment  costs,  irrigation, 
weeping  tiles,  inlet  and%utlet  structures,  etc.  These  costs  can  be  even  greater  if  there  are 
special  requirements,  for 'Sample  one  dry  pond  in  Calgary  costs  almost  $50,000  per  ha 
of  develo^ient. 

As  with  most  c^struction  activities,  there  are  economies  of  scale  that  must  be  considered 
in  using  imh^€osts  to  arrive  at  preliminary  costs  estimates.  There  are  also  aesthetic 
considerations  and  safety  considerations  that  can  add  to  the  basic  cost  of  construction. 
The  phasing  of  construction  activities  can  also  be  an  important  factor  in  the  overall  cost. 
For  preliminary  planning  purposes  there  are  a number  of  general  guidelines  that  are 
applicable  to  most  municipalities  and  that  can  be  used  in  the  evaluation  of  BMP’s  based 
on  cost: 

• Facilities  such  as  extended  detention  dry  basins  and  wet  ponds  normally  have 
much  larger  volume  requirements  than  infiltration  trenches  and  porous  pavements. 

• There  are  significant  economies  of  scale  for  extended-detention  dry  basins,  wet 
ponds,  and  surface  infiltration  trenches.  However,  infiltration  trenches  are 
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probably  not  economically  or  physically  feasible  for  large  detention  volumes. 
Economies  of  scale  are  less  apparent  for  underground  facilities. 

• The  cost  of  underground  facilities  is  notably  higher  than  the  costs  of  other  BMP's. 

• Wet  ponds  are  more  expensive  to  construct  than  extended-detention  dry  basins 
probably  due  to  the  greater  excavation  requirements  of  the  permanent  pool  in  wet 
ponds.  However,  wet  ponds  appear  to  have  greater  economies  of  scale  than  diy 
basins. 

• Since  excavation  at  the  construction  phase  is  generally  less  expensive  than 
dredging  of  accumulated  sediments  at  a later  date,  it  is  economical  to  design 
BMP’s  with  excess  sediment  storage  capacity.  It  is  also  economical  to  reserve 
sediment  disposal  areas  onsite. 

• Infiltration  facilities  that  are  designed  to  incorporate <^xtm  runoff  storage  volumes 
are  relatively  expensive.  It  is  therefore  more  econom^l  to  bypass  excess  flows 
from  infiltration  facilities  to  other  BMP’s  designed  for  S^ghtion. 

.VIS'* 

• Based  solely  on  costs,  extended-detent^^dry  basins  are  the  most  economical 
BMP  for  most  applications.  However,  provide  poor  water  quality  controls. 
Infiltration  basins  are  also  relatively  cost-effective  especially  in  areas  of  intensive 
development. 

• The  cost-effectiveness  of  tfe^-fc^nt  BMP’s  depends  on  the  perceived  value  of 
other  aspects  of  multi-use  fa(|.litip  as  well  as  design  and  construction  costs  and 
pollutant  removal  effectivenessT 

7.5.4  Costs  of  Operation  Maintenance 

Appropriate  operation  arili  maintenance  budgets  are  an  essential  component  of  all 
stormwate|^^MP’s.  The  unit  costs  of  operation  and  maintenance  are  also  difficult  to 
directly  c^tei^ine  based  on  the  experience  of  other  municipalities.  As  with  capital  costs, 
operationVnd  ^'aintenance  costs  can  be  expected  to  be  quite  variable  from  municipality 
to  munici^Tity  and  from  site  to  site  because  of  differences  in  drainage  basin 
characteristics  of  runoff  and  sediment  load,  labour  and  equipment  costs,  disposal  costs, 
and  design/performance  objectives  for  the  facility. 

The  costs  presented  in  Table  7-3  represent  typical  unit  costs  of  a number  of  operation  and 
maintenance  activities  associated  with  various  BMP’s  including  vegetation  management 
and  sediment  control.  These  general  unit  costs  can  be  used  as  a guideline  when 
preliminary  costs  are  required  for  the  evaluation  of  BMP’s. 

A total  annual  budget  of  3 to  5 percent  of  the  total  construction  costs  should  be  allowed 
for  operation  and  maintenance  of  most  BMP’s.  Infiltration  trenches  are  an  exception  to 
this  with  an  allowance  recommended  of  5 to  10  percent  of  construction  costs  for  surface 
facilities  and  10  to  15  percent  for  underground  facilities.  Operating  costs  should  also 
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include  provisions  for  ongoing  performance  monitoring  of  the  BMP  in  order  to  optimize 
operation  and  maintenance  requirements  as  well  as  to  determine  the  effectiveness  of  the 
BMP  in  enhancing  hydrologic  and  water  quality  conditions. 
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